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THE  PHILIPPINE 

Journal  of  Science 

B.  Medical  Sciences 


Vol.  II  MARCH,  1907  No.  1 

OBSERVATIONS  UPON  FILARIA  PHILIPPINENSIS  AND  ITS 
DEVELOPMENT  IN  THE  MOSQUITO. 


My  P.  M.  ASKBUBN  and  Charles  V.  Cbaio.' 

{Front  the  laboratory  of  the  United  Slates  Army  Board  for  the  Study  of  Tropical 
Diseases,  Division  Hospital,  Manila,  P.  I.,  and  the  Biological  Laboratory  of  the 
Bureau  of  Soienee.  j 

INTRODUCTION. 

In  a  special  report  submittpd  to  Die  Surgeon-General  of  the  Army  in 
May,  1906;  and  published  in  the  American  Journal  of  the  Medical 
Sciences  in  September  of  that  year,  we  described  a  new  blood  filaria  of 
man,  to  which  we  gave  the  name  Filaria  philippinensis  sp.  nov.  bocauBe  of 
its  occurrence  in  a  native  of  the  Philippine  Islands, 

We  considered  that  this  filaria  represented  a  new  species,  and  that  it 
was  probably  the  only  one  indigenous  to  these  Islands;  a  new  species, 
because  of  its  morphology,  lack  of  periodicity  and  the  rarity  of  flla- 
riasis  in  the  Philippines;  the  only  indigenous  one,  because  the  previous 
descriptions  of  the  filarife  observed  in  natives  of  these  Islands  contained 
nothing  which  would  exclude  the  possibility  that  the  observers  might  have 
been  dealing  with  Filaria  philippinensis. 

When  our  preliminary  communication  regarding  this  parasite  was 
written  we  had  seen  but  one  case  of  infection  with  it,  but  since  then  we 
have  had  the  opportunity  of  studying  four  additional  cases,  all  in  natives 
of  the  Philippine  Islands.     To  Doctor  Albert  L.  Miller,  contract  surgeon, 

'  P.   M.   Aslibum,   captain  and   assistant   aurgeon,   United   States   Array,   an4 
Charles  F.  Craig,  first  lieutenant  and  assistant  surgeon,  United  States  Army,  con- 
stituting the  United  States  Army  Board  for  tlie  Study  of  Tropical  Diseases  as 
They  Occur  in  the  Philippine  Islands. 
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a  ASHBUEN   AND   CRAIG. 

United  States  Army,  we  are  indebted  for  the  additional  cases  which  he 
found  while  examining  the  blood  of  a  company  of  Philippine  Scouts  at 
Imus,  Cavite  Province,  with  the  view  of  determining  how  many  of  this 
company  were  infect<!d  with  Filaria  phUippinensis.  These  men,  who 
were  transferred  to  us  for  observation,  belonged  to  one  company  of  Scouts 
and  all  were  born  upon  the  Island  of  Luzon,  in  the  Province  of  Ambos 
Oamarines. 

From  a  study  of  these  cases  we  have  been  able  to  confirm  our  original 
description  of  this  filaria  and  to  make  additional  observations  upon  its 
morphology  and  life  history,  especially  as  regards  its  developmental  changes 
within  a  mosquito,  Cnlex  fatigans  Wied. 

RESUME  OF  THE  ORIGINAL  DESCRIPTION. 

In  order  that  the  observations  which  fallow  mav  ilearly  be  understood 
the  following  brief  Tesume  of  our  original  description  is  nece^ary 

Filaria  philtppmmett  i«  a  small  blood  filana  found  in  natives  of  the  Pluhppine 
Islands  it  presents  no  periodicity  uccurrinf!  in  practically  equal  but  small  nuin 
bern  it  all  houra  of  the  day  and  night  it  is  actively  motile  possessing  botll 
lashing  and  progressive  motion  and  presents  foi  description  %  sheath  an  antenot 
extremity  a  body  and  a  posterior  ettremiti  The  aierajie  length  of  the  liiing 
fllaria  is  0  32  millimeter   but  \anati<ais  occur  betueM  0  29  and  0  335  millimeter 

The  sheath  is  visible  at  either  extremity  being  invisible  alraig  the  rest  of  the 
bodi  it  has  tl  e  ippeirance  of  a  fine  thread  as  thm  as  the  flagell  m  of  a  tr>pa 
noioraa  along  tie  body  tlie  si  eatl  is  transparent  and  verv  tightly  fitting,  tl  us 
I  relenting  the  filaria  Iron  slipping  baeknard  and  forward  «ithin  it  as  in  the  case 
of  Filarui  noot-ama  Manson  and  Ftlana  diuma  Manson. 

Tlie  anterior  extremity  or  head  consists  of  a  hemispherical  base,  in  the  center 
of  which  is  placed  a  small  spicule  which  retracts  within  this  base;  surrounding 
this  portion  of  the  head  is  a  serrated  prepuce  which,  when  closed,  covers  it,  when 
retracted,  exposes  it;  the  number  of  serrations  or  lips  can  not  be  determined.  The 
prepuce  is  constantly  drawn  back  and  forth,  as  is  likewise  the  spicule,  but  the 
motion  of  the  two  is  not  always  synchronous. 

The  body  is  graceful  and  sinuous  consisting  of  an  outer  radially  striated 
musculo  cutaneous  coat  and  an  inner  portion  or  bodv  eaiity  the  latter  is  clear  and 
refraetile  and  contains  the  fulloning  constant  \iseera 

(a)  A/niertoT  T  spot — A  bright  refraetile  triangular  area  placed  at  one  side 
of  the  uorm  about  0105  millimeter  from  tie  anterior  margin  of  the  head  and 
opening  by  its  ape\  upon  the  surface  piercing  the  musculo-cutaneous  coat 

(6)  Centml  iiacus — In  the  postenoi  portion  of  tie  central  thud  of  the  body 
IS  situated  a  convoluted  or  spiial  tube  or  cylinder  resembling  a  vine  tendril  and 
presenting  five  or  si^  spiral  turns  which  progressively  gro»  amaller  ending  in  a 
fine  curved  Or  straight  eitremity  This  central  viscus  is  placed  m  tie  same 
portion  of  the  worm  as  is  tie    grinular  mass    in  FxUtna  noHttma 

((■)  Po8(eiio»  1  sput  ind  papilla — At  the  center  of  the  pisterior  third  of  the 
hodv  there  is  situated  a  triangular  spot  its  apex  opening  upon  the  surface  picre 
mg  tl  e  musculo  cutaneous  coat  where  it  marks  the  site  of  a  distinct  papilla  which 
bulges  beyoi  d  the  body  line  and  mav   represent  the  anus  oi   cloaca  of  the  adult 

The  j-ostenor  evtremitj   or  tail    at  a  point  midvtaj   between  tie  posterior  \ 
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spot  and  the  tip  becomes  suddenly  attenuated  to  tliree  quarters  of  itB  former  diam- 
eter, thuB  forming  a  distinct  offset  upon  ™cli  sitle;  from  this  point  tlie  tail  dimin- 
ishes progressively  and  unifomily  to  a  very  fine,  thread-like  point.  Because  of 
its  situation  in  relation  to  the  embrjorio  anus  and  its  apparently  less  vital  eliar- 
aoteristioB,  the  portion  of  tlie  tail  Wyond  the  attenuation  probably  dies  or  is 
sloughed  off  during  the  later  development  of  the  fliaria. 

In  stained  specimens,  a  column  of  deeply  stained  nuclei  is  observed  ruiming  tlie 
entire  length  of  the  worm,  hroken  here  aii<l  there  hy  unstained  areas,  which  vary 
in  position  in  individual  specimens;  the  only  "dap"  in  the  stained  column  that  ia 
at  all  constant  is  situated  at  a  point  20  per  cent  of  the  total  length  of  the 
worm  from  the  head;  however,  many  specimens  do  not  show  this  "gap,"  and  there 
is  also  much  variation  in  its  situaticm  in  individual  filaria.  We  do  not  regard  it 
as  of  any  diagnostic  importance.  In  the  stained  specimen  the  anterior  V  spot,  the 
central  viscus,  and  the  posterior  V  apot  are  not  seen. 

Filaria  philippiTitiiaU  is  very  actively  motile,  the  movements  being  of  a  wrig- 
gling, lashing  character  and  not  progressive,  as  a  rule,  but  ot  times  a  marked 
progressive  motion  is  observed.     (See  figs.  1  and  18.) 

I4TER  OBSERVATION'S. 

The  study  of  four  more  cases  of  infection  with  Filaria  phdippmensw 
has  enabled  us  to  add  somewhat  to  the  above  description  as  regards  the 
morphology,  motility,  and  periodicity  of  this  filaria 

Morphology. — We  can  add  bnt  little  to  oui  original  description  as 
regards  the  morphology  of  Filaria  philippmensis  We  have  e\amined  a 
very  large  number  of  fllariae  in  the  blood  with  special  reference  to  the 
armature  of  the  head,  but  we  have  been  unable  to  distinguish  any  definite 
number  of  lips ;  the  spicule,  mounted  upon  a  smooth,  hemispherical  base 
into  which  it  retracts,  is  easily  distinguished,  but  the  retractile  prepuce 
which  incloses  it  can  not  he  separated  into  definite  lips  its  margin 
being  so  very  finely  serrated.  .  The  serrations  can  easily  be  seen  m  the 
fresh  specimen,  but  their  number  can  not  be  determmod  while  m  the 
stained  specimen  they  are  not  visible. 

In  a  certain  proportion  of  stained  filariae  in  blood  obtained  from  the 
mosquito's  stomach  shortly  after  the  insect  has  bitten  and  m  which 
the  sheath  has  been  lost,  what  appears  to  be  two  lips  can  he  seen,  an  upper 
one  broal  and  fleihj  and  a  lower  m^re  slender  and  dehcate  However 
T\e  are  not  lonvmi-ed  that  these  represent  true  lips,  for  the  appearance 
mav  he  due  to  the  staining  u  ethod  but  their  presence  in  a  lomparatively 
large  number  of  the  filarias  is  suggestive 

The  sheath  as  we  hive  air  aly  stated  is  tight  and  general!}  onh  seen 
as  a  threid  like  flagellum  at  the  extremities  of  the  worm  When  the 
filaria  is  moving  forward  the  anterior  end  of  the  sheath  bends  backward 
along  the  side  of  the  bo  iy  while  the  posterior  end  is  lashed  about  by  the 
movement  of  the  tail ;  when  the  movements  of  the  worm  are  lashmg  and 
not  progressive,  both  ends  of  the  sheath  are  whipped  freely  about  The 
filaria  is  never  seen  to  slide  forwanl  and  backward  within  the  aheath. 
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this  being  impossible  because  of  tiio  closeness  with  which  it  envelops  the 
body.  In  very  rare  instances  in  the  fresh  specimen,  the  sheath  may  be 
seen  to  be  flattened  out,  having  a  ribbon-like  appearance,  but  even  when 
this  occurs  the  filaria  does  not  enter  the  flattened  portion  projecting  at 
either  extremity. 

We  are  not  able  to  add  anything  to  our  previous  description  of  the 
anterior  V  spot,  the  central  viscus,  the  posterior  V  spot  or  the  tail  of 
the  worm  as  observed  in  the  blood  of  man ;  the  same  is  true  of  the  meas- 
urements of  the  filaria  as  given  by  us  and  the  morphology  of  the  stained 
specimen. 

Motility. — In  our  original  deecription  we  stated  that  Filaria  phUippi- 
nensis  possessed  two  forms  of  motility,  one  lashing  but  not  progressive, 
which  is  most  frequently  observed ;  the  other,  a  marked  progressive 
motion  occurring  but  rarely.  In  our  examinations  of  the  iilarias  in  our 
additional  cases  we  have  given  special  attention  to  the  character  of  the 
movements  exhibited  by  them  and  have  found  that  progressive  motion 
is  much  more  common  in  fresh  blood  specimens  than  we  at  first  supposed 
to  be  the  case.  We  have  found  that  in  thick  blood  smears  progressive 
motion  occurs  very  frequently,  if  not  as  a  rule,  and  we  have  also  observed 
it  in  very  thin  smears ;  when  it  takes  place  the  movement  is  serpentine  in 
character,  the  head  advancing  through  the  surrounding  masses  of  blood 
corpuscles  with  considerable  rapidity.  In  a  fairly  thick  smear,  in  one 
instance,  a  filaria  in  three  minutes  crossed  four  18-millimeter  (f-inch) 
microscopic  fields  in  almost. a  straight  line;  in  another  ease,  eight  18-mil- 
limeter (^inch)  fields  were  traversed  in  half  a  minute;  in  a  blood  smear 
in  which  the  cells  were  arranged  in  a  single  layer  a  filaria  crossed  a 
18-millimeter  (f-inch)  field  in  one  minute  and  six  4.3 5 -millimeter  {J- 
inch)  fields  in  three  minutes.  Even  when  a  portion  of  the  specimen  was 
reached  in  which  the  blood  cells  were  in  very  small  numbers,  or  indeed 
absent,  the  filaria  did  not  show  entire  loss  of  progressive  motion,  although 
such  clear  spaces  caused  a  temporary  cessation ;  in  such  instances,  after  a 
few  moments  of  twisting  and  turning,  the  head  of  the  parasite  would  shoot 
forward  and  the  progressive  motion  be  resumed;  in  this  way  we  have 
seen  a  filaria  traverse  four  such  open  spaces  in  a  specimen  of  blood  and 
in  each  instance  as  soon  as  it  reached  the  intervening  clumps  of  blood 
corpuscles  the  progressive  motion  became  more  rapid  and  regular  in 
character.  At  times  the  tail  end  advanced  but  this  was  invariably  followed 
almost  immediately  by  a  propulsive  effort  of  the  tail  which  pushed  the 
head  and  body  forward  for  a  considerable  distance,  after  which  the  head 
continued  its  advance.  In  one  specimen  we  observed  progressive  motion 
of  filarias  for  two  hours  after  the  blood  was  collected. 

It  should  be  remembered  that  the  movements,  both  lashing  and  progres- 
sive, which  have  been  described  occur  while  the  filaria  is  still  inclosed 
within  its  sheath,  progressive  motion  being  unimpeded  by  the  latter. 
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■Periodicity. — Filaria  pkilippinensis  presents  no  periodicity  as  regards 
the  time  of  its  appearance  in  the  peripheral  blood  or  the  number  of 
embryos  present  at  any  one  time.  We  liave  made  extensive  observations 
regarding  periodicity  in  all  five  cases  of  infection  with  this  filaria  and  can 
state  conclusively  that  it  can  be  found  in  the  peripheral  blood  at  all 
hours  of  the  day  and  night  and  in  practically  the  same  numbers  at  all 
hours.  The  following  tablCj  which  gives  the  results  of  examinations  made 
every  three  hours  during  the  twenty-four,  demonstrates   the  lack  of 


iodidtj 

in  Filaria  philippinens 

's: 

Case 
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vidual  couRls, 
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m.,  2  filarite 

n  3  blood  sm 

ara. 

IP 

m.,  2  filarite 
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ars.            7  H.  m.  to  7  p.  m.,  8  filaria! 

4  p 

m.,  1  fllarifl. 

n  3  blood  sm 

ars.                 in  12  smears. 

7P 

m.,  2  filarite 

n  3  blood  sm 

ars.            7  p.  m.  to  7  a.  m.,  8  filarite 

10  p 

m,,  1  filaria 

11  3  blood  sm 

ars.               in  13  smeara. 

m.,  3  filarifB 

n  4  blood  sm 

ars. 

4a 

m.,  2  filarite 

n  3  blood  sm 

ara. 

Case  numfier  2. 

Number  in  ind 

iviauai  co™(s. 

Average  per  day  ana  ntght. 

7a 

m.,  5  filariffi 

n  3  blood  sm 

ara. 

10  a 

m.,  1  fllarift 

11  4  blood  sm 

ars. 

IP 

m.,  1  filaria 

n  3  blood  sm 

.*Ts.             7  a.  m,  to  7  p.  m.,  8  filaria 

4  p 

m„  1  filaria 

n  3  blood  sm 

ars.                 in  13  smears. 

7p 

m.,  2  filarite 

n  3  blood  am 

ars.             7  p.  m,  to  7  a.  m„  8  ftlariie 

10  p 

m.,  3  filariiB 

n  3  blood  sm 

ars.                 in  13  ameara. 

1  a 

m.,  0  filaria 

11  3  blood  sm 

ars. 

4a 

m.,  3  filarite 

n  4  blood  am 

ara. 

Case  number  3, 

/f 

mber  in  indivx 

ual  counts. 

Average  per  day  and  night. 

7  a 

m.,  2  filavi* 

n  3  blood  sm 

ears. 

10  a 

m.,  1  filaria 

n  4  blood  am 

ears. 

IP 

m.,  3  filaris 

n  3  blood  sm 

ears.            7  a.  m.  to  7  p.  m.,  8  filari* 

4p 

m.,  2  filarite 

11  3  blood  sm 

ears.                in  3  ameara. 

7p 

m.,  4  filarite 

n  3  blood  sm 

ears.            7  p.  m.  to  7  a.  m.,  10  flJaria 

10  p 

m    0  filaria 

n  3  blood  smears                  in  13  smears 

la 

n     5  filarite 

n  4  blood  "m 

ears 

4a 

n     1  filana 

n  3  blood  sm 

eara 

A  study  of  the  al  r\e  table  mil  show  that  at  no  definite  time  during  the 
twenty-four  hours  tan  the  filanse  be  said  to  be  numerous  enough  to  be 
characteristic  of  that  t  me  and  that  no  differeme  exists  in  the  number 
observed  in  the  penpheral  blood  dur  ng  da\  and  night  This  fact, 
together  with  the  presence  of  a  sheath  m  Filaria  pkiltppinenits  serves  to 
differentiate  it  from  any  other  filana  which  has  been  described  as  infecting 
man.     It  should  be  noted  that  it  occurs  in  small  numbers  at  all  times 
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and  this  has  been  a  prominent  feature  in  aJl  of  our  observations.  It  ap- 
pears to  US  that  this  is  a  point  of  consitlerable  diagnostic  importance,  for 
in  all  live  of  the  cases  practically  the  same  number  of  lilarife  was  observed 
and  that  number  was  always  a  smaJl  one  when  compared  with  the  immense 
quantitie=!  of  Filaria  nocturna,  Filaria  diuma,  and  Fllatia  perstans  Manson 
which  arc  commonly -found  in  cases  infected  by  the  last  three  organisms. 

Pathogenicity. — In  none  of  the  eases  did  we  observe  any  symptoms  or 
pathological  lesions  whidi  we  could  feel  justified  in  considering  as  being 
due  to  the  presence  of  the  filaria.  As  stated  in  our  original  communica- 
tion, one  patient  had  a  history  of  having  suffered  from  ehyluria  but 
during  the  time  he  was  under  our  observation  he  presented  no  symptomt, 
one  man  had  a  periostitis  while  under  observation  and  one,  amcebic 
dysentery  An  examination  of  the  fgeces  of  three  of  the  four  Scouti 
demonstiated  an  interesting  series  of  combined  infections  due  to  animal 
parasites  Of  the  three  men,  one  had  a  combined  infection  with  Filana 
phthpptnensis,  Anchylosioma  duodenalis  and  Trichocephalus  dtspar;  the 
second,  with  FUtma  philippinensis,  Entamceha  dj/senterice,  Anchylostoma 
duodenalis  and  Trichocephalus  dispar,  and  the  third  with  FUaria  philippi- 
nensis and  Anchylostoma  duodenalis.^ 

THE    DEPELOFMENT    OF    FIT^ARIA    PHir,ll'FrNKNSlS    WITHIN    CULEX 
PATIGANS. 

We  have  made  numerous  examinations  of  mosquitoes  which  were  in- 
fected by  biting  patients  who  harbored  embryos  of  Filaria  philippinensis, 
most  of  the  insects  so  infected  being  Culex  fattgans  Wied,  some  few  being 
Stegomyiw.  In  our-  examinations  we  have  not  found  that  the  filarias 
undergo  any  development  in  Stegomyice,  and  think  it  probable  that  they 
do  not,  for,  while  our  observations  on  this  point  are  not  sufficiently 
numerous  to  justify  us  in  making  positive  statements,  it  is  asserted  by 
Daniels  that  Filaria  nocturna  will  not  develop  in  Stegvmyia. 

However,  in  Culex  fattgans  Wied,  we  have  been  able  to  trace  the  com- 
plete development  of  the  filaria  up  to  the  time  that  it  becomes  lodged  in 
the  mosquito's  labium  and  is  ready  to  infect  the  next  person  bitten  by  the 
insect.  The  stages  of  this  development  are  well  shown  in  the  accompany- 
ing photomicrographs  and  in  numerous  eamera-lueida  drawings,  and  may 
be  quite  as  well,  or  better,  studied  from  them  as  from  the  written  descrip- 
tion which  here  follows : 

One  of  th^  earliest  observations  to  be  made  in  studying  infected  mos- 
quitoes is  one  relating  to  the  number  of  filarise  ingested.  In  some  manner, 
concerning  which  it  is  possible  to  construct  interesting  hypotheses,  the 
mosquito  manages  to  get  from  the  body  of  the  patient  40  to  50  or  more 

'  In  view  of  the  recent  finding  by  Lievitenant  Clarence  h.  Cole,  Medical  Depart- 
ment, United  States  Army,. of  Necator  americanas,  in  natives  of  these  Islands,  it 
is  possible  that  our  cases  were  infected  witli  it,  as  the  ova  were  not  measured. 
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times  as  many  filarise  as  it  is  possible  for  us  to  obtain-in  a  similar  amount 
of  blood  from  a  needle  prick.  Thus,  in  good  thick  smears  under  22- 
millimeter  (^-inch)  cover-glasses,  we  will  usually  find  but  one  or  two,  and 
oftentimes  no  filariir.  In  tlie  hJoocl  from  the  stomach  of  a  mosquito  which 
has  recently  bitten  the  amount  of  blood  usually  appears  to  be  less  than  in 
these  thick  cover  slip  preparations  but  it  is  nearlv  always  possible  to  fin<I 
from  40  to  80  filante  and  jt  has  occurred  to  us  that  this  fact  might  have 
a  practical  val  le  in  exammmg  cases  of  auf-pected  filanasis  in  which  the 
parasites  arc  so  few  m  number  as  readily  to  be  missed.  It  might  be  of 
use  in  revealing  embryos  m  the  bloo  1  of  cases>  of  elephantiasis,  where  the 
filariae,  though  believed  to  be  present  are  seldom  found.  We  have  not 
had  an  opportunity  to  put  our  suggestion  into  practice  except  on  our 
last  four  cases  of  known  hlanasis  m  all  ot  which  the  result  has  been 
as  stated. 

Once  in  the  stomach  of  the  mosquito  the  filariae  continue  their  active 
motion,  which  i=!  more  uniformly  progressne  than  m  the  fresh  blood, 
for  several  hours  (the  exact  length  of  time  «e  are  unable  to  state)  until 
they  discard  their  sheaths  and  pierce  the  stomach  wall  entering  the  body 
cavity. 

Stages  of  growth  of  Filaria  philippinensis  tvithin  CulexfatigansV^ieS. — 
It  is  necessary  to  state  here  that  the  various  stages  of  growth  are  not 
passed  through  in  uniform  intervals  of  time  but  that  the  periods  mentioned 
below,  as  well  as  the  measurements  given,  are  thought  merely  to  represent 
averages.  Thus,  embryos  free  from  their  sheaths  may  be  found  in  the 
tissues  outside  of  the  stomach,  while  others  ingested  at  the  same  time  are 
still  struggling  in  the  stomach  to  free  themselves.  Likewise,  at  the  eighth 
day  we  have,  in  a  heavily  infected  mosquito,  seen  some  filarise  which  ap- 
peared to  have  undergone  fully  twice  as  great  a  degree  of  development  as 
others,  although  we  knew  that  they  had  all  been  ingested  at  one  feeding. 
This  preliminary  being  understood,  we  may  say  that  in  twenty-four 
hours  after  ingestion  by  the  mosquito  the  filarife  have  escaped  from  their 
sheaths  and  pierced  the  stomach  wall,  being  found  free  in  the  abdominal 
cavity.  Here  they  are  sluggish  in  motion,  unchanged  as  to  size,  but 
have  a  more  granultir  appearance.  The  V  spots  may  often  still  be 
distinguished,  but  the  central  viscus  can  not.  It  is  not  uncommon  to  find 
some  of  these  worms  dead  and  we  think  that  the  mortality  among  them 
ia  high  at  all  stages  of  their  development  but  more  particularly  so  during 
the  early  ones  It  is  unusual  to  find  more  than  four  ar  six  filarite  which 
undergo  the  complete  c\cle  of  development  within  the  m>squito  at  one 
time,  while  on  the  other  hand  onl>  one  ma\  remain  and  most  frequently 
none  aie  to  be  observed  in  the  mosquito  at  the  end  of  ten  dais  or  two  weeks 
Once  we  encountered  fifty-one  fllarite  in  a  mosquito  s  thorax  on  the 
eighth  day,  but  we  have  in  no  other  instance  found  anything  like  these 
numbers  after  the  second. 
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By  the  third  day,  possibly  earlier  at  times,  the  filariae  have  left  the 
ahdominal  cavity  and  are  to  be  seen  among  the  thoracic  muscles  of  the 
mosquito,  where  they  show  very  sluggish  motion  and  are  observed  to  have 
undergone  a  very  marked  change  in  morphology. 

The  length  has  decreased  from  0.33  to  O.Sl  millimeter;  the  breadth  has 
increased  from  0.0066  to  0.01  millimeter;  all  parts  of  the  body  have 
participated  in  the  increase  in  width  except  the  tip  of  the  tail— that  is, 
the  part  of  the  tail  back. of  the  sudden  diminution  described  in  our  first 
paper.  This  part  has  not  enlarged  in  size,  and,  as  will  he  seen,  it 
disappears  at  a  later  period,  thus  fulfilling  the  prediction  concerning  it 
which  we  made  in  our  first  publication.  The  posterior  V  spot  is  still 
visible  and  is  manifestly  increased  in  size.  The  body  presents  a  granular 
appearance  and  the  central  viscus  has  disappeared.  (See  figs.  3,  3,  19, 
and  20.) 

At  the  end  of  siz  days  the  filarije  are  still  as  short  as  at  three  days, 
but  they  have  undergone  a  further  increase  in  breadth  which  at  this  stage 
varies  from  0.014  millimeter  near  the  anterior  end  to  0.037  millimeter 
near  the  posterior,  the  average  btmg  about  0.03  millimeter.  The  tip 
of  the  tail  1=!  still  present  and  still  unenlirged  and  now  pre-ients  a  "pigtiil 
like  appearance  m  iti=  attachment  to  the  more  bulky  bod}  The  latter 
still  has  a  granular  aspect  lut  isome  cell  structuie  can  be  made  out  and 
the  alimentarj  canal  outlined  The  poster  or  V  spot  a'*  such  has  disap 
peared  but  its  place  is  occuj.ied  bj  a  rudimentary  anus  The  n  otioa  of 
the  worm  is  still  'sluggish  being  aloit  the  same  i^i  it  is  at  the  thirl 
day      (See  figs  4   'i  anl  '1  ) 

On  the  eighth  day  we  fin  1  the  filaria  increased  in  length  an  1  in  brtadth 
the  pigtail  portion  of  the  tail  m  most  instances  though  not  m  all 
has  d  sappeared  the  alimentary  canal  can  le  traced  the  whole  length 
of  the  worm  The  length  a\eiages  about  0  6  millimeter  the  breadth 
(t035  millimeter  mot  on  is  sluggish  but  the  filana  la  poss  blv  a  little 
more  a  tne  than  it  was  it  tht  sixth  daj       {hee  fig   23  ) 

From  the  eighth  to  the  eleventh  da>  the  worn  undergoes  a  more  rapid 
development  than  in  anj  other  '.imilar  period  and  at  the  evp  ration  (f 
this  timt  IS  foun  1  to  have  atta  ned  a  length  of  from  1  ^  to  1  6  millimeters 
and  a  width  varjing  fr^m  0  04  down  to  0  03  milhmeter  the  width  being 
Ie«s  in  the  longer  worms      C^ee  hgs   6   "^   8   and  33  ) 

Some  worms  at  this  time  show  as  complete  a  development  as  we  have 
ever  seen  and  ajjaientlv  have  na  other  change  t)  undergo  except  the 
lengthening  and  narrowing  a  change  of  form  rather  than  of  si.!e  neces 
aary  to  enable  them  to  enter  the  labium  The  head  it  truncated  the 
mouth  a  terminal  crater  like  circular  opening  forming  the  base  of  a 
conical  cavity  no  lips  are  visil  le  Nothing  recognizable  as  the  analogue 
cf  the  anter  or  \    sj  >t  is  liitingui  halle     The  intestinal    anal  i    itell 
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developed,  the  cesopliagus  straiglit  and  broad,  the  intestine  narrower  and 
much  colled,  particularly  at  a  point  corresponding  in  situation  to  that  of 
the  spiral  viscue  in  the  blood  embryo.  The  anus  ia  a  slit,  directed  from 
within  outward  and  backward  (see  fig.  17) ;  the  intestine,  apparently, 
does  not  terminate  at  the  anus  hut  continues  to  the  end  of  the  body.  The 
tail  is  tipped  with  three  well-defined  papillse;  this  niunher  is  probably 
constant,  although  only  two  are  usually  Visible  in  profile. 

By  the  eleventh  or  twelfth  day  some  of  the  filarite  may  he  found  in 
the  mosquito's  head,  by  the  fourteenth  or  fifteenth  they  are  encountered 
in  the  labium,  having  completed  their  development  in  the  insect,  so 
far  as  we  have  been  able  to  observe.  At  this  stage  the  filarise  are  found 
within  the  labium,  the  fleshy  underlip  of  the  insect,  where  they  lie  side 
by  side,  with  their  heads  directed  toward  the  labella.  We  have  observed 
as  majiy  as  four  within  the  labium,  and  it  is  probable  that  as  a  rule  they 
occur  in  this  situation  in  pairs.     (See  figs.  13,  14,  15,  and  16.) 

As  our  work  has  been  done  by  teasing  preparations  and  not  by  section- 
ing, we  are  unable  to  state  exactly  where  the  filarise  lie  in  the  head  or 
how  they  get  into  the  labium.  However,  tlie  fact  that  they  do  reach 
that  situation  is  beautifully  illustrated  in  the  photomicrographs,  which 
show  a  fragment  of  the  labium  with  the  tails  of  the  filariffi  protruding 
from  the  proximal  end.  This  preparation  was  made  on  the  sixteenth 
day  after  the  mosquito  had  bitten  the  filariasis  patient. 

The  worm,  at  this  stage,  has  diminislied  markedly  in  breadth,  the  average  meas- 
urement for  this  dimenaioii  being  not  more  than  0.02  millimeter,  while  individuals 
have  been  measured  in  which  it  was  only  0.015  millimeter.  The  former  figure, 
however,  applies  in  most  instajiees.  The  length  varies  greatly  and  we  have 
measured  specimens  which  range  from  1.236  to  2.20  millimeters.  We  can  aaj 
from  our  observations  that  the  worm  when  found  in  the  mosquito's  labium  may 
average  1.8  millimeters  in  length,  but  that  others  in  the  same  situation  and  in  the 
same  mosquito,  actively  motile  and  apparently  ready  to  pass  to  another  host,  may 
be  as  short  as  1.24  or  1.27  millimeters.  Two  worms  taken  from  the  mosquito's 
head  upon  the  eleventh  day  gave  1.496  and  1.630  millimeters,  respectively,  and  thia 
variation  in  length  is  noticed  in  individual  worms  after  the  very  earliest  stages  in 
the  mosquito.  We  have  thought  that  the  long  and  short  groups  may  represent  the 
sexes,  but  have  no  other  evidence  to  offer  in  support  of  such  a  supposition.  ISee 
figs.  10   II    24   and  25  ) 

At  thib  stage  of  development  the  alimentary  tract  is  well  defined  and 
extends  from  the  mouth  to  the  anus,  which  is  well  marke<l,  it  possesses 
some  strength,  as  is  shown  in  fig  9,  which  represents  a  worm  broken 
hy  the  attempts  made  to  diusett  it  from  the  labium  Here  the  fraetments 
are  held  together  by  the  intact  cellular  tube  forming  the  mtestmal  canal 
The  anus  is  well  developed  and  is  easilv  seen,  presenting  the  same 
appearance  is  it  does  it  the  eleventh  da)  of  development 

Anothei  point  easih  determined  at  fhit  time  is  that  the  post-anal 
papillae  are  three  in  number      \nnett    Dutton,  and  Elliot  state  that 


dbylioogle 


10  ASHBURN   AND   CRAIG. 

Filana  noctvma  has  four  of  these  papillae  and  we  have  carefully  looked 
for  four  on  this  iilaria  There  36  no  difficulty  in  making  out  three 
m  Ftlana  phthppinensts  but  in  no  instance  have  we  seen  four.  When 
the  tnd  of  the  tail  is  facing  the  obscri  r  it  will  be  seen  that  the  three 
papillae  are  arranged  in  a  tnangular  manner  and  are  apparently  curved 
mward      (See  tigs   13  ind  26  ) 

in  moat  bpKiniens  an  appearance  =!ugge«tiTC  of  two  narrow  tubes,  run- 
ning m  general  paiallel  with  the  alimentary  canal,  one  on  either  side, 
may  be  seen  rhi.se  tubes  we  think  probably  represent  the  future  gener- 
atiie  organs  lut  we  are  unwilling  to  make  positive  statement  either  as 
to  their  constant  presence  or  their  significaJice.  They,  or  certain  masses 
of  cells  extend  posteriorly  to  the  anus  apparently  clear  back  to  the 
terminal  knobs  or  papillje  an!  m  at  least  one  specimen  their  terminations 
appeared  to  constitute  the  papillT 

Sime  of  the  filarne  from  the  head  and  labium  are  very  actively  motile; 
others  show  no  motion,  but  as  these  presented  no  evidence  of  degeneration 
we  think  that  they  were  probably  killed  by  the  chloroform  used  in 
destroying  the  mosquitoes. 

The  following  table  gives  the  principal  differential  features  between 
the  embryos  of  Filaria  phUippinetisis  and  of  other  known  filarire,  as  they 
occur  in  the  blood  of  man : 
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CONCLUSION. 

Bri  fli  iiiiijiianze!  the  hi^torv  of  the  IcMopment  of  Filina  phihp 
pinenvi  withm  tlit  nostiuito  (  ulex  fahgans  Wied  is  as  tclkws  In  from 
fourteen  to  fifteen  da}e  the  development  is  complete  and  the  filaria  lias 
passed  into  the  labium  of  the  mosquito  thi  sheath  of  the  cmbr\o  is  lost 
m  the  stomach  and  the  worm  then  penetrates  the  stomath  wall  and 
reaches  the  muscles  of  the  thjra\  where  most  of  the  developmental  changes 
occur  during  thi'*  period  of  time  the  tilana  has  increased  in  length  from 
0  33  millimeter  to  as  much  as  2  iO  millimeters  and  m  breadth  from 
0  0065  to  0  0^  millimeter  it  has  developed  a  well  marked  intestinal 
canal  divided  into  oesophagus  and  intestine  a  well  letmed  anus  and 
three  papillce  which  are  situited  at  the  enl  of  the  tail  the  mouth 
appears  to  be  simph  a  circular  eavitv  having  no  diitinct  lips  Develop 
ment  ''o  fir  as  the  morphology  of  the  worm  indicates  appears  to  be 
complete  at  about  the  eleventh  da^  the  only  changes  occurring  after 
that  being  a  lengthening  and  narrowing  of  the  filaria  which  enables  it 
to  enter  the  labium  of  the  moiiquito 

In  concluding  we  de«ire  to  express  our  appreciafnn  of  the  assistanci 
given  us  by  Mr  Charles  '^  Banki  entomolog  st  >t  the  Biological  Labora 
tory  Bureau  of  Science  and  Mr  Charles  Martin  phitographer  of  the 
Bureau  of  Science 
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ILLUSTRATIONS. 


[G.  1.  Filaria  phitippiaensis  in  freslily  drawn  Wood. 

2.  Filaria  pkilipjnnensis  three  days  iii  C.  fatigans.     X   115. 

3.  Filaria  philippineiiais  three  days  in  V.  fatigans.     X  229, 

Plate  II. 

[0. 4.  Filaria  phUtpptneneia  si\  days  in  C  fatigans      X  02. 
6.  Filaria  ph%hppinensu  six  days  in  C   fatigans      X  200. 

6.  Filaria  philtpptnensts  eleven  days  in  G   fatigans      X  76. 

7.  Tail  ot  Filaria  phihpptnensts  eleven  days  in  C  fatigana.     X  183. 

Flam:  III. 

IG.  8.  Head  of  Filaria  pkilipinneiisis  eleven  daya  in  C.  fatigans.     X  275. 

9.  Broken  Filaria  philippinensis  fifteen  and  one-half  days   in   C,   fatigans. 

X  115.     Showing  strength  of  alimentary  canal. 
10.  Filaria  pUlipinnensie  fifteen  and  one-half  days  in  C.  faliyans.     X    115. 
Showing  elongation  and  narrowing  in  labium. 

Pl^TE    IV. 

a.  11.  Filaria  philippiii^isis  fifteen  and  one-lialf  days  in  G.  fatigans.  X  220. 
Showing  alimentary  canal,  A  portion  of  the  alimentary  canal  liaa  been 
extruded  by  pressure. 

12.  Tail  of  Filaria  philippmensis  fifteen   and  one-lialf  daya   in  C.  fatigans. 

X  275.     Showing  three  papilloe. 

13.  Filaria  philippinensis  fifteen  and  one-lialf  days  in   V.  fatigans.     X   92. 

In  labitun. 

14.  Filaria  pkilippin£nms  fifteen  and  one-half  daya  in  C.  fatigans.     X   220. 

In  labium. 

15.  Filaria  philippinensis  fifteen  and  one-half  days  in  C.  fatigans.     X   80. 

In  labium. 

Plate  V. 

Q.  10,  Filaria  philip^nettsis  fifteen  and  one-half  daya  in  G.  fatigans.     X   240. 
In  labium. 
17.  Filaria  pkihppinmsis  eleven  days  in  C.  fatigans,  showing  anus. 

Platk  VI. 
o.  18.  Filaria  philippincnsis  in  freshly  drawn  lilood.     Killed  and  drawn  by  the 
aid  of  camera-lucida  at  once.     X  330. 

10.  Filaria  phiUppinenais  in  stomach  of  C.  fatigans  six  to  twelve  hours  after 

ingestion.     Sheath  discarded.     X  330. 
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20.  FUaiia  pkihpp  teista  in  thorax  uf  C   fatrgmn  three  days  after  mgcation 

Note  size  of  worm  and  size  of  post  V  spot      X   330 

21.  Filarta  pftiitpptnensis  in  thorax  of  C   faUqans  six  dua  aftei   ingestion 

Note  part  of  contents  evtruded  through  \   >"piit      X  t30 

22.  Filaria  phihpjnninstB  in  thorax  eight    lavn  after   ingeiti  n      v   I  3  it  i 

X  330 

Plate  VII 

Fio.  23.  Filarta  phihpptnensts  in  thora>.  eleven  days  after  ingestion.     X   03  and 
X   330. 

24.  Filaria  phiUppinensis  in  labium  fifteen  and  one-half  days  after  ingention. 

X  63  and  330. 

25.  Filaria  phiUppiiimisis  in  labium  fifteen  and  one-lialf  days  after  ingestion. 

X  63  and  330. 
28,  Fitaria  philippinensis  in  labium  fifteen  and  one-half  days  after  ingestion. 
X  63  and  330. 

',  tke  entire  filaria  is  represented  at  A,  the  tail  at  B  anil 
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PARAGONIMIASIS  IN  THE  PHILIPPINE  ISLANDS, 


By  W.  E.   MUSQRAVE, 

1  the  Biological  Laboratory,  Bureau  vf  Science.) 


I.  Introduction. 
II.  Definition. 

III.    NOMENCLATUUK. 

A.  Synonyms. 

B.  Paragon! uiiasi a. 

IV".  Brikf  History. 

A.  General. 

B.  In  the  Fhitip[)ine  Isluiids. 

(a)   TrpntatoJes  in  gi-ncriil, 
(6)    I',  weslermunii  Kerb. 

V,  Material. 

Trotflcols  of  citses. 

VI.  Etiology. 

A.  Contributing  tauses 

(u)   Geographical  ili>ttiil)iitiuii 

(6)    Age,   race,  *!ex,  occupation,  ihmati',   psrsonuE   liabits,  and 
phjsieal  condition 

B.  Specific  etiologj 

Table  of  trematode  pnrasiles  of  man.      (Table  No.  I.) 
/'.  «)estetman»  Kerb 
(o)   Synonyms 

(b)   General  de*"ei  iption  anil  npecifie  diagnoMiM  of — 
3    Para3itP'<       (Table  No.  2.) 
2    Eggs       (Table  No   3.) 
(•  I   Life  cjcle 
{'if    Habitat. 

(e)  Distribution  in  tlie  body. 

(f)  Primary  points  of  infection  and  manner  of  spread  in 

the  body. 
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A.  MaliTiiil. 

B.  Metlicls. 

C.  Gross  lesions. 

Tlie  typical  cliaiiictciistic  Icaion. 
Classification. 

(a)  Nonsuppurative  lesions. 

On  serous  surfaces. 

In  loose  connective  tissue. 

In  hyperplastic  connective  tissue. 

In  pneumonia. 

(b)  Tubercular- like  lesions. 

(c)  Suppurative  lesions. 

Nontystlc. 
Cystic 

(d)  Ulcerative  lesions. 

Skin. 

Mucous  membranes. 
Course  and  termination  of  lesions. 

D.  Special  patliologj'. 

E.  Histology. 
VIII.    SyMPTOMATOI  OOT 

A.  General  description 

4cute  and  chronn  proteostu 

B.  Clinical  t>pes 

(o)   Generalized  paragonimiasis 

(6)   Thoracn.  (pulmonary)   paragonimiasis. 

(c)  Abdominal  paragonimiasis 

(d)  Cerebral  paiagonimiasis 

C.  Paragonimiaiis  of  the  lower  animals 
IX.  Diagnosis. 

X.    COUBSE,    DUPATIOX,   AND    PliOUNOSIS. 

XI,  Complications. 

XII.  Prophylaxis. 

XIII.  Treatment. 

XIV.  Literature  Ekeeuences. 

I.    INTRODUCTION. 

Trematode  infections,  next  to  tlie  protozoan  diseases,  are  tlie  most 
important  parasitic  conditions  which  must  be  met  by  medical  men  in 
the  Philippine  Islands. 

The  order  Malacocotylea  is  a  very  large  one,  containing  many  species, 
but  of  these  only  a  comparatively  small  number  are  known  to  infect 
man ;  those  which  arc  parasitic  for  human  beings,  compiled  from  Stiles's 
publication,  arc  shown  in  Table  Wo.  1,  page  31.  Tiiey  represent  4 
families,  10  genera  or  collective  groups,  and  15  species.  Of  this  number 
only  about  8  species   are  Bufllciently  common  in   man  to  be  of  great 
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importance.  All  flukes  are  considered  to  be  disease  producers,  regard- 
less of  the  stage  of  the  life  cycle  of  the  parasite  or  of  the  nature  of  the 
host  in  which  they  ai-e  found.  The  adult  parasites  with  a  very  few 
exceptions,  whether  in  man  or  other  animals,  are  found  only  in  diseased 
tissues,  and  the  miracidia  and  cercaria  may  pnjduce  disease  of  snails 
and  other  hosts  in  which  they  may  he  living. 

So  far  as  I  have  been  able  to  determine,  only  two  cases  of  trematoJe 
infection  have  previously  been  reported  from  the  Philippine  Islands. 
One  of  these  was  a  case  of  infection  with  Opistkorchis  sinensin  Cobbold, 
reported  by  Dr.  Mallory  at  the  last  annual  meeting  of  the  Philippine 
Islands  Medical  Association,  in  which  the  diagnosis  of  the  egg  was 
made  by  Dr.  Strong;  the  other  was  one  of  schistosomiasis  by  Dr.  Woolley. 

The  following  paper  is  the  lirst  of  a  series  to  be  published  during  the 
year  on  material  which  is  already  available,  as  follows: 

One  case  of  infection  with  Opisthorchis  noverca  (?)  Braun,  in  a 
Chinaman;  3  cases  with  autopsies,  in  which  the  infecting  flukes,  though 
not  thoroughly  identified,  are  probably  Fasdola  gigantica  Cobbold  and 
F.  hepatica  Linn.,  respectively;  8  cases  infected  with  Schistosoma  ja- 
ponicum  Katsurada,  with  8  autopsies;  18  with  Opisthorchis  sinensis 
Cobbold,  with  1  autopsy,  and  17  with  Paragonimus  westermanii  Kerb., 
with  8  autopsies;  the  total  being  46  cases  in  human  beings.  I  have  also 
studied  quite  a  large  series  of  infections  in  the  lower  animals. 

These  reports  appear  in  monographic  form  because  the  observations 
have  included  too  many  points,  not  only  about  the  parasites  but  also 
particularly  about  the  diseases  caused  by  them,  to  allow  of  a  satisfactory 
presentation  of  the  findings  in  any  other  manner. 

I  wish  to  express  my  thanks  to  Dr.  Edwin  C.  Shattuck,  resident 
physician  to  Bilibid  Prison,  for  many  courtesies  and  much  assistance 
in  the  observations  on  the  clinical  material,  much  of  which  is  from  his 


Paragoninuabi--  m  i  (hronic  or  subacute  gtneral  or  local  mfection, 
with  a  species  of  the  genus  Paragonimui  onh  one  'fpci.ies  of  which 
genus,  P  wesiermann  is  known  to  infect  man  The  disease  is  charac- 
terized anatomically  bj  the  production  of  peculiar,  bluish  slate-colored, 
necrotic  cjstii-  lesions  with  rather  dense  fibrous  walls  which  contain 
a  material  resembling  anchovy  sauce  and  uauall}  but  not  always,  the  eggs 
or  adult  Paragonimun  Other  t^pes  of  lesions  are  often  present  and 
many  different  organs  may  be  involved  The  most  frequent  are  bron- 
chopneumonia and  bronchiectasis,  cystic  abscess  of  the  brain,  spleen 
omentum,  pancreas  muscles  lymphatic  glands  and  skin  and  infiltra- 
tion, ulciration   and  absLCSH  formation  in  the  intestine 

The  symptomatology  m  general  is  that  ot  a  chronic  inflammatory 
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process,  and  special  clinical  manifestations  are  due  to  tho  involvement  of 
special  organs  which  give  rise  to  such  symptoms  as  cough,  haemoptysia, 
pleuritic  pains,  diarrhcea  and  abdominal  aoreneea.  The  life  history  of 
the  parasite  and  the  exact  mode  of  infection  by  it  are  not  known. 

III.    NOMENCLATURE. 


The  following  may  he  mentioned  among  the  many  names  by  which  this 
disease  has  been  known:  Parasitical  haamoptysis,  parasitic  haemoptysis 
gregarinosis  pulmonis,  pulmonary  distomatosis,  pulmonary  distomiasis, 
endemic  haemoptysis,  and  paragonimiasis.  Parasitical  hfemoptysis  is  the 
moit  extensively  used  of  these  terms  and  at  the  time  of  its  introduction  it 
answered  very  well  since  fomerly  the  distnbuti  n  of  the  parasites  through 
out  the  body  was  regarded  as  limitol  and  it  was  not  known  that  such 
extensive  infection  existed  as  has  lecentlv  been  describel 

All  of  these  names  extept  paragonimiasis  are  objectionable  l>ecause 
none  of  them  are  acLurate  epecihc  or  definite  and  their  nun  ber  leads  to 
a  confusion  which  can  only  be  nercome  b^  the  aloption  of  a  term  which 
fulhlh  all  tht  requmments  of  nomen  Hturt,  Paragrnimiasis  is  such  i 
name  It  is  m  line  with  modem  nomenclature  m  parasitic  infections 
and  is  applicable  to  all  types  of  the  diseases,  whether  they  are  found  m 
man  or  in  animals. 

This  term  was  introduced  by  Stiles  and  Hassall  and  has  been  adopted 
by  Mense  in  his  new  Handbook  of  Tropical  Medicine.  It  is  the  only 
name  for  the  infection  which  will  be  used  in  this  report  and,  owing  to 
the  extensive  distribution  of  the  parasite  in  man  and  the  consequent 
logical  variation  in  symptomatology,  I  shall  recognize  the  following 
types  of  the  disease  in  their  appropriate  places :  General  paragonimiasis, 
thoracic  or  pulmonary  paragonimiasis,  cerebral  paragonimiasis,  and  ab- 
dominal paragonimiasis. 


Paragonim^is  westermanii  was  discovered  by  Kerbert  in  1878  in  the 
lungs  of  a  royal  Bengal  tiger  and  was  by  him  named  Distoma  wester- 
manii. In  1879  Einger  found  the  parasites  in  a  native  of  Formosa. 
Cobbold  (1880)  named  the  parasite  Distoma  ringeri. 

Baelz  (1880),  who  was  working  in  Japan,  introduced  the  name  para- 
sitic- hiEmoptyMs  {parasitdre  hdmoptoe)  for  the  disease  and  discussed  the 
parasite  under  the  designations  Oregarina  pulmonum  and  Gregarina 
fusca;  he  further  used  gregarinosis  pulmonuvi  as  a  synonym  for  the 
disease.  Baelz  gave  further  valuable  contributions  on  the  subject  in  1883 
and  1901.  In  1883  he  adopted  the  name  Distoma  pulmonale  for  the 
parasite 
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Suga  (1881)  found  tho  infection  in  man  in  Japan,  and  io  1883 
described  the  parasite  as  Distomvm  piUmonis. 

Manson  made  valuable  original  contributions  to  the  subject  in  1881, 
1883,  1889,  and  1893.  He  proposed  parasitical  hiemoptysis  and  endemic 
hamoptysis  as  names  for  the  disease  and  designated  the  parasite  ae  Dts- 
toma  ringeri  and  Distoma  pulmonale.  Further  information  of  value 
has  been  furnished  by  Taylor  (1884),  Leuckart  (1889),  Yamagiwa  (1890 
and  1892),  Stiles  (1894,  1901,  and  1904),  Stiles  and  Hassall  (1900), 
Ward  (1893  and  1895),  Kataurada  (1898  and  1900),  Miura  (1889), 
and  by  a  number  of  Japanese  writers  whose  articles  are  not  available. 
Prominent  among  these  are  Otani,  Taniguchi,  Majima,  Miyake,  and 
Matsui. 

The  landmarks  in  the  historj-  of  this  parasite  and  the  diseases  caused 
by  it  are  as  follows : 

The  discovery  of  the  parasite  by  Kerbert  (1878) ;  the  discovery  of  the 
parasite  in  human  beings  by  Ulnger  (1879) ;  the  establishment  of  the 
relation  of  the  parasite  to  the  disease  in  man  by  Suga,  Bael?;,  and  Manson ; 
the  discovery  of  the  more  extensive  distribution  of  the  parasite  and  its 
location  in  the  brain,  producing  Jacksoniau  epilepsy,  by  Otani  and 
Yamagiwa;  its  discovery  in  the  eye  and  lids  by  Taniguchi,  Miyake, 
and  Matsui ;  the  establishment  of  the  zoological  position  of  the  parasite 
by  Stiles  and  Looas;  the  discovery  of  the  infection  in  various  animals, 
i.  e.,  in  the  tiger  by  Kerbert,  1878;  the  cat  by  Ward,  1894;  the  dog  by 
Eailliet,  1890,  and  the  hog  by  Stiles,  1899 ;  the  discovery  of  the  parasite 
in  the  United  States  by  Ward,  and  the  elucidation  of  the  pathology  and 
symptomatology  of  the  disease  by  Manson,  Baelz,  Miura,  and  Katsurada. 


Because  of  the  geographic  poiution  if  tho  \rchipilago  ind  the  close 
commercial  and  social  intertoiirse  between  theie  lislanda  and  Japan  and 
China  it  has  repeatedly  been  predicted  that  fiukt  intLctions  would  be 
found  here  Notwithstanding  this  expectation  and  the  large  amount 
of  clinical  anil  anatomical  work  which  has  been  done  m  the  Phdippmes 
this  18  the  first  report  of  infections  with  P  we^termann  Kerb  m  the  At 
chipelago  either  octurnng  in  natnes  or  foreigners  \b  was  mentioned 
m  the  introduction  there  ha\e  been  but  two  previous  reports  of  infection 
b-v  trematodes  of  an\  species  in  the  Philippine  Islands  these  being  of 
single  (.aues  one  of  opisthorchiasis  and  the  other  of  sckistosomuisi'' 

I  encountered  mv  first  cise  cf  parigonimiasis  earh  m  1906  and  since 
that  time  ha\e  seen  K  other"  The  discoierv  of  this  number  of  cases 
in  less  than  one  ^ear  h}  one  obsentr  does  not  in  mv  opinion  indicate 
any  exacerbation  if  the  mfettion  nor  anv  change  m  the  class  of  a^ail 
able  matenal  but  is  due  to  a  closer  obser\at!on  and  stud;  of  that  which 
IS  at  hand     Since  becoming  interested  in  this  class  of  diseases  and 
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familiar  with  the  appearance  of  the  various  lesions,  I  am  confident  that 
similar  material  has  passed  through  my  hands  unrecognized  many  times 
during  the  last  seven  years,  and  identical  experiences  have  probably  oc- 
cured  with  others.  It  may  safely  he  stated,  to  judge  from  the  wide  local 
distribution  of  my  cases,  that  trematode  infections  are  fairly  common 
among  the  natives  of  these  Islands  and  that  the  infection  has  been 
endemic  here  for  many  years. 

V.    MATERIAL. 

The  material  upon  which  this  rtport  is  based  (.onsists  of  IT  cai=es  with 
8  autopsies  'Vhstiacts  from  the  protocols  follcw  and  the  summaries 
of  the  findings  and  the  anilvses  of  the  lesions  and  symptoii^  will  be 
taken  up  under  the  appropriate  htadmgs  furnished  m  the  outline 

ta$e  No  1  {30918}  —Poragomnnosts  and  omabiMu  of  the  luttgs  pletttte 
diaphragm  omentum  pentoneitm  spleen  hier  mtesHne  lymphatti^s  prostate 
bladder  and  aVdomtnal  vkUI    death,  autopsy 

The  patient  a  Filipino  prisoner  was  under  ubservation  in  hospital  for  one 
week  suffering  with  high  fever  30°  to  40"  severe  cough  pains  in  the  chest 
and  some  djspntea  There  was  severe  headache  mild  delirium  at  timps  and 
insomnia  The  bo«eIs  «ere  cnnstipited  the  abdominal  iiall  rigid  and  lendernesa 
Has  eomplamed  of  over  the  entire  abdomen  A  blood  examinalion  showed  nothing 
abnoimal  except  i  moderate  polymorpl  onuclear  leucocvto^i^  The  sputum  was 
negative  for  tubercle  bacilli  but  on  the  moining  before  death  i  few  trematode 
eggs  «ere  found  The  stool  contained  many  amfebte  blood  cells  and  mucus  and 
a  fen  eggs  similar  to  those  in  the  sputum 

AlTOPSY  two  hours  after  death  Emaciation  and  ina^mia  marked  •seiere  con 
junctivitis  of  left  eye  old  bluish  colored  ulcer  m  the  right  axilla  which  on 
section  connects  with  broken  down  Jjmphatie  glands  The  eggs  of  /'  wtstermanu 
are  found  in  this  ulcer  The  superficial  lymphatics  are  all  moderately  enlarged 
and  those  in  the  groiui  markedly  so  and  this  enlarged  chain  extends  do»n  into 
Scarpa  s  triangle  The  scrotum  is  enlarged  and  on  section  the  cpidid^  mis  contains 
Paragonttnvs  cjsts  which  ipparenth  are  continuous  through  the  inguinil  canal 
to  the  abdominal  cavity 

The  subcutaneous  tissue  is  scanty  and  drj  the  muscles  soft  pale  and  coarse 
\  small  Poragontmv  cyst  t"  obseried  in  the  left  pectoralia  major  and  another  m 
the  abdominal  wall  just  aboie  the  symphisis  Upon  opening  the  che^t  a  numter 
of  the  small  bluiali  Parooommua  osts  are  found  on  the  undtr  surface  of  the 
sternum  and  on  the  exposed  plcurie  and  pericardial  membranes  Both  pleural 
cavtties  contain  a  considerable  quantity  of  fluid  filled  with  stringy  masses  and 
flocculi  which  settle  to  the  bottom  upon  standing  The  pfeutip  partiLularly  the 
viiceral  laiers  are  much  thickened  Th«  pleural  surfaces  are  co>prpi  nitli  many 
of  the  cysts  and  e\en  external  to  the  parietal  pleurie  these  lesions  are  found  Ihere 
are  «eieral  small  areas  of  chrunn,  obllteratiie  pleuntil  and  Paragommus  kaiona 
are  numeious  in  the  fibrous  tissue  forming  the  adhesions  Both  lungs  show  a 
moderate  bronchitis  particularly  of  the  larger  tubes  but  no  eggs  or  para-jites  are 
found  m  the  bronchi  and  no  definite  bronijiiectatic  cavities  can  be  located  There 
are  numerous  areas  of  bronchopneumonia  throughout  both  lungs  the  largist  neT.r 
the  pleural  surfaces  ni'iny  of  these  pneumonic  areas  are  not  to  be  distinguished 
from  such  leaiona  in  other  diseases  of  bacterial  origin  while  others  on  section 
ha\e  a  necrotic  ctnter  containing  material  like  anchovy  sauce  and  often    but  not 
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always,  adult  parasites  or  eggs  of  P.  toestermonii.  In  addition  to  these  pneumonic 
areas  both  lung>(  contain  nianv  of  the  typical  bluiah  Paraiion\mue  cyata  fiom  0  005 
to  0  01  in  diameter 

The  pericardial  eatily  oontotne  a  small  amount  of  a  slightly  eloudy  fluid  The 
serous  surface  is  dull  in  appearance  anil  slightly  adherent  OTer  the  right  heart 
showing  through  the  visceral  pericardium  are  a  number  of  irregular  slightlj 
brownish  granular  appearing  areas  similar  to  those  described  in  case  No  2  (see 
PI  1)  Eggs  are  found  in  the^e  areai  but  none  in  the  pericardial  fluid  The 
heart  it  of  normal  size  and  fiee  from  ■valvulitis  or  other  marked  organic  change 
The  muscle  is  a  httle  brown  and  coarso  but  except  just  under  the  pericardium  no 
gross  lesions  are  seen. 

The  abdominal  ca^tly  presenta  a  most  striking  picture  all  visible  tiaauea  being 
matted  together  and  studded  with  the  bluish  colored  Parogonimus  evstio  ab 
leesses  In  plieea  where  adhesions  have  been  separated  for  inalanee  between  the 
bowel  surfaces  or  omentum  and  thi  abdominal  wall  an  area  of  biuiah  color  of 
equal  size  to  tl  e  adhesions  is  left  and  often  small  necrotic  areas  with  eggs  and 
parasites  are  exposed  Everywhere  there  ii  a  modeiate  subacute  peritonitis 
light  ir>  dirty  colored  adhesions  binding  all  the  organs  Both  the  abdominal 
and  pleural  ^lurfaces  of  the  diaphragm  contain  many  absceases  Similar  lesions 
are  also  found  in  the  deeper  structures  of  this  organ 

The  5pl«7i  shows  some  periaplenitia  and  at  the  points  where  this  occurs 
superficial  areas  of  infection  with  the  parasites  or  eggs  are  iisible  On  section  a 
moderate  increase  in  the  soft  pulp  is  seen  but  no  other  change  can  be  olsprved 

The  Uier  is  of  normal  size  but  idherent  to  the  abdumlnat  vail  diaphragm 
intestine  and  other  structures  the  perihepatitis  being  due  to  the  action  of 
Paragontmua  On  section  the  organ  is  soft  and  pale  and  contains  many  small 
abscesses  from  2  millimeters  to  10  millimeters  in  diameter  These  abscesses 
eloselj  resemble  the  multiple  amiebic  ones  which  are  so  often  seen  but  m,  others 
tl  e  color  and  contents  more  eloseb  resemble  the  Paragonimus  cysts  Microscop 
icalh  botl  imrebf  and  paragonimits  eggs  are  found  in  some  of  these  abscesses 
The  gall  bladder  and  ducts  are  large  and  distended  with  normal  appearing  bile, 
no  parasites  or  eggs  found 

T)ie  kidneys  are  surrounded  by  man^  adhesions  containing  very  many  ab 
scesses  of  the  Paragontmus  tjpe  "-ome  of  the  lesiona  are  subcapsular  and  others 
are  in  the  pelves  of  the  kidneys  and  m  the  ureters  Both  organs  are  somen  hat 
increased  in  size    soft  and  cedematous 

Ihe   hiaddii    »all   contains   numerous   c^sts   and   the   prostate   gland   is   also 

The  pancreas  shows  a  few  e^sts  near  its  heid  these  being  a  direct  infection 
from  the  adherent  structures 

Ihe  appendifl!  is  bound  down  m  a  mass  of  adhesions  and  abscesses  and  its  wall 
IS  involved  m  the  parasitic  procesFCS  The  abdominal  hmphatiin  are  mostly 
enlarged  and  soft    many  containing  characteristic  abscesses  with   parasites  and 


I  plastered  to  all  the  abdominal  structures  it  is  thickened 
cedematous   and  studded  with  ihe  tjpical  bluish  abscesses 

Tht  s(o»acfi  IB  not  invohed  excepting  at  points  of  adhesion  on  its  outer 
surface  The  walls  art  free  from  abscesses  and  nothing  abnormal  is  noted  on 
the  mucous  surface 

The  small  mteiUne  from  near  its  upper  end  to  the  ctecum  is  severely  infected 
The  Faraqommus  lesions  invohe  all  of  its  coats  and  are  most  severe  in  the 
ileum  and  loner  jejunum  The  muctiis  surface  shows  typical  cysts  of  various 
«iKea    some  standing  tut  well  into  the  lumen  of  the  bowel     ulcers  resulting  from 
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broken  Ju«n  lesions  are  alsL   present      Hie  Peyer  b  patches  art  alightv  swollen 
but  appear  to  be  fiee  from  the  parasitic  infection 

The  large  boutl  in  general  presents  a  \er>  similar  picture  to  the  small  in 
testine  lut  in  addition  tlieie  la  quite  evtensi^e  amiebic  ulceration  evteiding  fron 
the  CEFCum  to  the  rectum 

The  (Weftjo  sjHiioi  ca-aai  iiaa  not  opened 

Cose  tlo  2  {S150S)  —Parat/onimtasis  acute  general  infection  uith  death 
aftPT  eight  dcij/s  tn  the  hospital    CMtopsy 

Nothing  IS  known  of  the  previous  hiator>  of  this  patient  beyond  his  statement 
that  he  had  neier  been  ill  before  He  uaa  aick  m  hospital  for  about  ei^l  t  dajs 
before  death  with  high  feier  cough  and  rapid  si  alloM  reaj  iration  abdominal 
pajns  and  severe  diarrhcea  he  constantly  complained  nf  headaihe  Die  abdomen 
«aa  moderitelj  distended  and  etquiaitelj  tender  in  the  region  of  the  gall  bladder 
and  over  the  descending  colon  There  was  considerable  difficulty  in  urination 
Eipectoration  was  abundant  and  sometimes  tinged  with  blood  but  ipon  mior 
scopic  Liamination  no  tubercle  bacilli    r  eggs  were  found  in  the  s[utum 

\ltopby  four  houis  after  death  The  general  nutrition  is  lerj  good  an  i  alight 
jaundice  of  the  conjunctiva  vs  visible  A  macular  skin  eruption  is  noted  over  the 
lower  extremities  abdomen  and  flexor  aurfacea  of  arms  The  muscles  are  soft  and 
exceedingly  pale  The  pectoralis  major  musclea  aie  \ery  coarse  pale  and  contain 
a  number  of  small  dark  spots  about  1  to  3  millimeters  in  diameter  From 
one  of  these  spota  an  adult  P  westerniami  was  extracted  The  lymphatics  in  the 
axilla  are  modeiatelv  enlarged  and  some  of  them  congested 

The  left  pleural  cacitii  contains  about  750  cubic  centimeters  of  a  bellow, 
flocculent  fluid  with  long  tenacious  shreds  of  tissue  Both  the  i  laceral  and  parietal 
pleurte  aie  studded  with  raised  soft  dark  bluish  colored  c>stie  abscess  like  bodies 
which  on  section,  contain  a  reddish  bro*vn  gianular  matter  Scattered  through 
the  left  lung  are  a  number  of  areas  of  bronchopneumonia  on  section  most  of  tbese 
show  one  of  the  above  desciibed  cysts  surrounded  b*  pneumonic  aieas  but  m  other 
instances  the  areas  resemble  those  of  oidinany  bronchopneumonia  On  the  right 
side  the  general  condition  is  similar  to  that  on  the  left  but  the  lesions  are  much 
more  extensive  the  entire  lung  being  so  completeh  filled  with  tbese  pneumonic  areas 
that  it  appears  to  be  almost  solid  fhete  is  marked  bronchitis  0*a  but  no 
parasites  are  found  free  m  the  bronchial  secietion 

The  pericardial  cavity  contains  a  small  amount  of  normal  appearing  Huid  and 
both  the  visceral  and  parietal  serous  surfaces  show  bodies  similar  to  those  found 
in  the  pleural  cavities  Over  the  surface  of  the  heart  itself  (PI  I)  are  many 
httle  raised  bro«nitb  granular  bodies  (arjing  from  1  to  3  or  4  millimeters  in 
diameter  these  are  somewhat  hard  surrounded  bj  congested  zones  and  follow 
closelj  in  their  distiibutirn  that  of  the  lessels  On  section  the  heart  muscle  is 
found  to  le  lerj  friable  and  pale  but  it  contains  none  of  the  bodies  already  men- 
tioned Both  the  upper  and  the  lower  surfaces  of  the  diaphragm  are  studded  with 
these  small  dark  (jst  like  bodies  Tlie  diaphragm  itself  is  very  much  thickened 
and  contains  a  number  of  abscesses  within  its  substance 

The  entire  ahdonnnal  ca/tiiy  is  almost  obliterated  bv  a  mass  of  adhesinna,  and 
dark,  bluish  cvstic  abscesses  varying  in  size  from  1  millimeter  to  15  or  20  mil- 
limeters in  diameter,  are  seen  in  great  profusion.  The  surfaces  of  the  intentine  arc 
everywhere  adherent.  The  omentum  is  thickened  and  filled  with  abscesses.  The  or- 
gans of  the  pelvic  cavity  are  so  bound  by  adhesions  and  contain  so  many  abscesses 
that  they  can  only  be  removed  with  a  knife 

The  Bpieen  is  enlarged  soft,  and  studded  both  on  the  surface  and  internally  with 
small  cystic  abscesses  similar  to  those  found  in  the  other  organs  The  pulp  is 
exceedingly  soft,  dark  red  in  color  and  there  are  numerous  small  areas  of  int«nse' 
congestion  corresponding  to  tlie  Malpighian  bodies 
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The  pancreas  contains  a  nuijilxr  uf  tlie  abs^^essea  and  is  liieinorrhagic  [or  a 
distance  of  about  5  centimeters  from  its  splenic  end 

The  Iitei  i8  enlarged  firmly  adherent  to  all  surrounding  atructures  veiy  aoft 
friable  and  studded  mtli  little  grajisli  hard  ares'*  particularly  along  the  con 
nectue  tiiHue  bania  A  number  of  abscesses  moatlv  subcapsular  are  found  In 
this  organ 

Tlie  qail  bladder  contain<<  about  15  cubic  centimeter?  of  almost  colorless  bile 
and  the  ducts  are  open  Its  wall  is  much  thickened  firmly  bound  down  by  adhe 
sion  and  surrounded  and  impreffnated  with  abacesaes  The  serotum,  epidtdymis 
and  left  te<<ticle  contain  a  number  of  thtae  small  abscesses  and  the  prostate  ^land 
IS  similarlj  invohed 

rhe  wall  of  the  iaige  tntesitne  ts  \ei-*  much  thiikened  and  is  surrounded  and 
infiltiated  with  abscesses  The  mucous  surface  is  free  from  ulceration  but  shona 
a  number  of  the  preiiOTtslv  described  cystic  abseesaea  just  under  its  iurface 
This  condition  la  moat  marked  low  down  in  the  rectum  and  around  the  opening 
into  the  appendix  Tlie  appendix  itself  la  involved  in  its  walls  and  also  externally 
but  not  on  its  mucous  surface  The  entire  small  mtesttne  slious  the  condition 
foimd  in  the  laige  one  excepting  that  the  changes  are  much  more  extensive  and 
in  several  places  in  the  ileum  the  abscesses  in  the  wall  have  ruptured  on  the 
mucosa  leaMng  ulcers  nith  ragged  margins  The  hbroua  adhesne  bands  asso 
ciated  with  broken  down  cysts  and  abscesses  in  the  mucosa  of  the  bowel  are  \er; 
extensive  and  in  some  places  they  apparently  almost  obliterate  the  lumen  of  the 
bowel  The  stomach  is  surrounded  bj  a  number  of  abscesses  but  both  its  internal 
surface  and  wall  are  apparentlj  free  from  the  infection  The  abdominal  wall 
below  the  liter  on  the  right  side  containa  a  knotty  mass  of  abscesses  several 
centimeteis  in  diameter  and  extending  well  do«n  behind  the  kidne> 

Both  kidneys  are  bound  to  a  mass  of  proliferated  tissue  abscesses  and  adhe 
sions  and  both  of  these  organs  contain  a  number  of  abscesses  like  the  ones  which 
lia\e  been  described  and  whicii  are  most  numerous  just  under  the  capsule 

The  muacles  of  the  caltea  of  both  legs  and  those  of  the  thigh  show  abscesses 
which  are  from  3  to  5  inilliiueters  in  diameter 

The  cerebro  sptnal  canal  was  not  opened 

A  mlrroscopto  txaminattoa  ahous  paraaites  and  eggs  in  the  contents  of  many 
of  the  abscesses  but  not  m  all  The  former  are  found  in  the  heart  lung  kidney 
intestine  spleen  and  abdominal  wall  Lmng  parasites  were  extracted  from  the 
pectoralis  major  musde  and  some  wire  fom  d  flee  in  the  abdominal  cavitj  thesi 
were  piobabl>  liberated  by  the  rupture  of  some  of  the  cysts  during  autopsy 

f  ose  No  S  {3^6£5)  — Para g^ym miosis  (xlenstvt  infection  w  Ih  P  weatermaitii 
am<B6til«is  of  the  colon     death,  autopsy 

The  patient  a  Filipino  50  years  of  age  has  the  following  hospital  record 
Admitted  to  hoapital  October  31  11105  with  a  diagnosis  of  acute  beriberi  on 
October  23  he  was  transferred  to  the  beriben  hospital  on  February  23  1906  he 
returned  to  the  prison  hospital  witli  a  diagnosis  of  chronic  diarrhtea  From 
February  17  to  28  his  temperature  waa  30°  5  to  36°  8  pulse  09  to  100 
stools  2  to  11  m  twenty  foui  hours  No  cough  was  noted  From  March  1 
to  31  his  temperature  was  36=6  tn  37°  3  puNe  98  ti  101  stools  5  to  13  in 
twenty-four  hours.  The  diarrhoea  was  very  persistent  and  not  to  be  controlled 
by  astringents  or  enemas.  From  April  1  to  30  his  temperature  was  36°.8  to  37°.2, 
pulse  98  to  100;  the  severe  diarrhtea  continued  during  the  month  and  microscopic 
examination  of  the  fteces,  on  April  9,  showed  amfflbae  and  red  blood  corpuscles. 
From  May  I  to  31  the  temperature  was  30°  4  to  39°  The  diarrhtea  continued 
and  there  was  moderate  cough,  which  waa  worse  at  niglit      A  urine  examination 
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on  May  3  showed  nothing  abnonnal  and  a  sputum  examination  in  Mav  29  na^ 
negative  for  tnbPrele  baeilli  and  for  parasites  or  egps  From  June  1  to  30  the 
temperature  was  36°  to  39°  the  lowest  point  uaua]l3  bPing  during  the  early  morn 
ing  hour'  but  on  a  few  occasions  thi-j  relation  waa  reieraed  The  (^ugh  becamP 
much  worse  dunng  thia  month  and  on  June  G  there  waa  a  h^tmorrhage  of  about 
100  cubic  centimeters  from  tl  e  lun^  Examinations  of  t\  e  Mood  from  thia 
hemorrhage  and  of  tlie  sputum  between  June  21  and  29  were  negative  for  tubercle 
baeilli  and  for  pariaites  and  pggs  On  June  29  the  itool  still  contained  amcebie 
and  conaiderable  blood  and  mucus  waa  aho  not«i  therein  From  July  1  to  4  the 
temperature  was  36°  to  (7°  2  Htemoptysia  of  about  500  cubic  centimetera 
occurred  again  on  Tuly  3  and  aji  examination  of  this  Bpeeimen  was  again  negative 
Following  this  last  btemnrrhage  the  patient  sank  slowly  and  he  dipd  on  the  morn 
ing  of  July  4  with  a  tlinical  diagnosis  of  amcebiasis  and  sprue 

AuTOPBY  twelve  hours  after  denth  The  body  is  eittremelj  emtci'ited  the  skin 
normal  the  subcutaneous  fit  very  scant\  the  muscles  wasted  and  lery  pale  and 
fnable  The  superficial  lymphatics  are  all  enlarged  One  in  the  left  groin  and 
two  m  the  right  asilia  are  partially  broken  down  and  contain  pgg=!  of  P  ujts 
termanu  \  small  subcutaneous  abscess  at  the  back  of  (he  neck  and  another  in 
the  left  mammarj  region  are  noted  Both  contain  fluke  ^gs  Upon  opening  the 
cheat  a  number  of  dark  slate  colored  broken  down  glands  are  found  on  the  under 
surface  of  the  sternum  a  similar  condition  extends  throughout  over  the  parietal 
plenrffi  on  both  sides  Both  pleural  caivthes  are  obliterated  by  old  adhesions 
and  all  Iishups  including  the  lung  pleuril  and  extra  pleural  structures  contain 
abscesses  from  5  millimeters  to  2  or  3  centimeters  in  diameter  Both  lungs  cf  ntain 
numerous  congested  areas  which  on  section  resemble  bronchopneumonia  In  most 
of  these  areia  numerous  parasites  and  oia  are  to  be  found  A  number  of  the 
bronchial  glands  are  broken  down  an!  ha\e  the  general  ippearance  of  the  other 
infected  tissues 

The  liiaphraqm  is  thickene  I    adherent  tj  all  adjacent  structures  ind  contains 

rhe  penrardMl  oamty  contains  a  small  amount  of  serous  fluid  and  numerous 
adhesiMia  are  present  Both  the  parietal  and  visceral  serous  surfaces  are  covered 
with  small  raised  dark  bluish  or  brownish  congested  spots  which  on  section  are 
shown  to  contain  ova  furthermore  there  are  at  least  two  adult  trematodes  just 
beneath  the  iisceral  pericardium  in  the  region  of  the  right  auriclp  The  heart 
muscle  IB  \ery  brown   but  no  oia  are  found  in  its  subsUnce 

The  abdom%nal  cavtly  contains  large  numbers  of  adhesions  between  the  omentum 
and  the  other  structures  In  several  plates  large  areas  of  the  omentum  ire  puck 
ered  and  brought  to  a  central  point  of  adhesion  m  the  abdominal  wall  and  at 
these  places  parasites  or  eggs  ire  invambly  found  The  ompntum  in  general  is 
thickened  and  contains  numerous  ibscfsses  similar  to  th  se  in  other  parts  of  the 

The  spUen  is  enlarged  and  adherent  to  the  diaphragm  and  abdommal  wall  It 
contains  a  number  of  superficial  abscesses  which  show  both  parasites  and  ova 
On  section  it  is  rather  firm  bloodless  and  without  increase  of  pulp  No  abscesses 
or  parasites  are  found  in  the  ieeper  portions  of  the  organ 

The  Iiier  is  of  normal  aiae  adherent  to  the  diaphragm  abdominal  wall  and 
intestine  and  contains  numerous  subcapsular  abscesses  The  organ  is  rather 
firm  and  'n  section  shows  some  mcTLase  in  the  interstitial  tissue  from  which 
ova   are   to  be   isolated    but  no  abcsess   exists  within   the   parench3n]a  of   this 
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The  gall  WmMer  is  large;  it  containa  a  conaiderabie  quantity  of  light-colored, 
fluid  bile,  no  parasites  or  eggs  are  aeen  either  in  the  gall  bladder  or  ducts. 
Nothing  abnormal  is  found  in  the  portal  vessels. 

Both  fciffoiej/s  are  of  normal  size.  They  are  very  pale  and  soft,  with  nonadherent 
capsules.  The  left  kidney  contains  two  subcapsular  abscesses  and  one  is  seen  in 
the  pelvis.     The  adrenals  appear  to  be  normal. 

The  left  psoas  muscle  contains  an  abscess  with  about  100  cubic  centimeters  of 
matter  having  the  appearance  of  anchovy  sauce,  in  which  hundreds  of  parasites 
and  eggs  are  encountered.  There  are  a  number. of  smaller  abscesses  in  the  pos- 
terior abdominal  wall,  on  both  the  right  and  left  sides. 

The  prostate  giatui  and  epvUdymis  contain  a  few  abscesses. 

The  bladder  appears  to  be  normal. 

The  entire  large  iniealine  is  thickened,  of  a  dark-slate  color,  and  it  shows  a 
number  of  hard  nodules  beneath  its  peritoneal  surface.  On  section,  mrmerons 
ulcerations  extending  from  the  rectum  to  the  ctecum  are  found.  These  ulcers  vary 
in  size  from  2  millimeters  to  10  millimeters.  They  bear  no  relation  to  the  mesen- 
teric border  or  to  any  other  definite  anatomic  structure.  Their  margins  are  raised, 
appear  as  if  they  were  punched  out,  are  rather  hard,  granular  and  sometimes 
intensely  congested;  in  other  instaneei  they  are  without  congestion.  The  floor  of 
these  ulcers  is  either  in  the  submucosa  or  it  extends  down  to  the  muscular  layer, 
They  vary  much  in  size,  contain  a  dark-colored,  thickened  matter,  together  with 
numerous  ova  and  in  one  instance  a  parasite. 

The  lower  portions  of  the  small  intestine  and  appendix  are  similar  to  that  of 
the  large,  bTit  the  upper  two-thirda  of  the  small  bowel  is  apparently  free  from 
parasitic  infection. 

The  stomach  and  pancreas  appear  to  be  normal. 

A  most  striking  general  picture  of  this  autopsy  is  well  as  in  the  two  preceding 
ones,  is  found  in  the  pecuhar  dull  slate  color  of  all  the  tissues  mvohed  in  the 
infection.  This  is  particularly  noticeable  m  the  omentum  intestinal  wall  and  in 
the  other  tissues  of  the  ibdomen 

The  abscesses  referred  to  are  of  a  peculiar  appearance  and  are  characteristic 
They  vary  very  mui-h  in  iize  but  the  general  appearance  in  everj  instance  la  the 
same.  There  is  a  rather  definite  limiting  cystic  wall  of  a  dull  blue  slate  color  and 
on  section  a  dark  material  like  anchovy  sauce  is  found  In  moat  instances  these 
abscesses  contain  either  parasitts  or  ova   or  both 

Case  No.  i  (37995)  — Jaoksontan  epilepsy  porojonimiong  of  the  brain  lungs 
and  abdominal  organs,  death  a'Utopsy 

The  patient,  a  male  Filipino  30  years  of  age  v,at  admitted  to  the  hospital 
with  an  epileptic  seizure  and  lived  about  twenty  four  hours  during  which  time 
the  attacks  were  repeated  two  or  three  times  Nothing  is  known  of  the  previous 
history  of  this  patient  except  that  he  was  in  the  hospital  on  tv^o  occasions  during 
the  present  year  suffering  from  acute  corjza  During  his  laat  illness  there  was 
no  fever,  and  the  epileptic  attacks  were  typical  m  everj  way  of  epilepsy  major. 

Autopsy  four  hours  after  death  Bodj  of  a  well  developed,  well-nourished  Fili- 
pino man  Skm  and  mucous  membranes  appear  normal.  Two  small,  bleeding 
surfaces  on  the  tongue  e\idently  from  injury  during  his  epileptic  seizures.  There 
IS  some  adema  of  the  lower  ejelids  and  a  verj  marked,  chronic  conjunctivitis. 
The  mucous  membrane  of  the  nose  is  also  hypertrophied  and  tedematous.  The 
subcutaneous  tissues  contain  a  moderate  amount  of  fat  and  are  normal  in  appear- 
ance, the  Bubcutaneous  lymphatics  are  not  enlarged  except  in  the  right  axilla, 
where  there  is  moderate  hypertrophy  without  any  evidence  of  an  acute  process. 
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The  muscuior  Ussws  aie  rather  coarse  and  quite  pale  in  color  Both  pleural 
cavtttes  contain  a  small  amount  of  cloudv  serous  flunl  and,  a  number  of  chronic 
adhesions  these  adhesions  being  diffuse  over  the  visceial  auiface  and  collpcted  in 
points  of  attaclinient  on  the  parietal  '!iurface  At  these  points  of  attachment  a.1ong 
the  ribs  aie  found  i  number  of  slate  colored  evstie  al)seease*i  which  on  section 
are  tjpical  of  those  already  described  for  paragonimiasis  Both  luaqa  me  rather 
voluminous  and  there  is  a  maiked  bronchitis  of  all  oS  the  larger  and  medium  sized 
tubes  In  the  left  lung  there  aie  seteial  areas  of  broncliial  pneumonia  due  to 
/'  westermanu     "So  parasitic  areas  are  found  id  the  riglit  lung 

The  vtsceral  and  panetal  lasers  of  the  peiwaTdtum  are  adherent  in  seieial 
plaeei  and  on  aepaiation  of  tliese  ajhesiona  there  are  a  number  nf  raioed 
bronnisli  granular  patihes  nliiih  contiin  eggH  of  thf  paia^ite  in  question  Tlie 
heait  mustle  itself  is  him  in  1  noimal  in  coloi  an  1  no  lesions  of  the  endoLardiuni 

The  abdominal  cai,ity  is  free  from  adhesions,  extept  aiound  the  duodenum,  where 
there  is  a  mass  of  old  adhesions  surrounding  a  post  peiitoneal  abscess  whicli 
leads  well  abu\e  and  behind  the  left  kidney  this  contains  about  50  cubic 
centimeters  of  material  lesembling  ancltoty  sauce  and  a  number  of  adult  parasites 
and  eggs  No  duect  connection  betneen  this  abscess  and  anj  of  tie  o  gans 
can  be  established 

The  spleen  is  of  normal  size  an  I  cotiMstencv  and  no  eiidence  of  iiiea-ic  in 
it  was  discoveied  on  section 

The  hier  is  slightly  cirrhotic  and  the  gall  bladder  ind  bile  ducts  are  modcr 
ately  distended  with  fluid  which  mlcroscopi  all>  is  free  from  in^  abnoimal 
elements  No  abnormal  changes  neie  found  in  the  kilney*  bladder  or  oti  ei 
of  the  pelvic  or  abdominal  organs 

The  intestine  unfoitunately  was  not  openel 

The  membranes  of  the  btain  aie  thickened  anii  idhemit  in  iiany  places 
bound  in  these  adhesive  maise-  aie  cystic  parasitic  abst  taes  aimilai  to  those 
of  tl  e  pleural  cavity  The  choroid  plexus  is  coarse  and  granular  slightly 
bluish  and  a  few  e^s  are  found  in  its  substance  llie  brain  substance  itself 
appears  to  be  normal  with  tl  e  exception  of  moderate  congestion  near  the  cortical 
surface      No  distinct  abscess  cavity  was  found  m  this  organ 

Cose  No  5 — I'vlmonarji  tubercaloats  pulmonary  pleuntic  diapfti  r/n  u/ e 
oriental  intestinal  and  lymphatto  paragontmtas\s    death     aatopsi/ 

Practically  nothing  is  known  of  the  clinical  history  of  this  ease  tie  patient 
continued  to  perform  his  duties  to  within  about  twent>  four  hours  of  death  at 
which  time  he  first  came  undei  obseriation  no  microscopic  examinations  were 
made  during  life  When  admitted  to  the  hospital  he  was  very  weak  moderateh 
emaciated  was  coughing  considerably  and  complained  of  pains  in  his  left  chest 
and  abdomen      Tliere  was  an  active  diarihtea  and  a  slight  elevation  in  temper 

Altopsy  eight  hours  after  death  Pulmonarj  tuberculosis  and  a  rather 
eitensive  infection  with  P  icestetmanit  are  found  Ihe  tuberculosis  involves 
the  bronchial  glands  and  the  uppei  lobes  of  both  lungs  Some  of  the  lesions 
consist  of  caseous  aiLas  from  2  to  5  millimeters  in  diameter  and  there  are  also 
several  tul  ereulous  cavities  of  ahout  equil  size  and  one  10  millim  ters  in 
diameter  is  found  m  the  apex:  of  the  left  luuf,  \  erv  few  miliarv  tubercles 
are  encountered 

The  Paragon\mu%  lesKns  of  the  lungs  aie  veiv  much  scattered  as  are 
the  tuberculous  nes  and  tl  ey  bo  closely  resemble  the  cavities  of  tuberculosis 
that   had  it  not  Iteen   for  the  more  extensive  distribution  of  the  Paragonimua 


Hosted  by 


Google 


PARAGONIMIASIS   IN   THE   PHILIPPINES.  27 

cysts  in  other  organs  tlie  double  infet'tion  in  the  lungs  uoulU  probablj  not  iiave 
been  diseovtred  Many  of  the  tuberculous  lesions  show  a  bluish  color  similar 
to  that  constantly  observed  m  those  due  to  Paragoniinns  infection  and  it  is 
worthy  of  note  that  one  cavitj  contains  both  tubeiclc  bncilli  and  an  adult 
P   ireiJetTnanii 

The  Paragonmivi  legions  in  the  pleura-  dwphingni  and  abdominal  oigons 
are  similai  to  thooe  described  in  the  pie* ions  «i^ei 

Caie  No  6 —Paragontmiaits  of  tntetltup  omentum  panm-cae  dtaphiagiii 
abdominal  lymphatics   and  left  pleuta,  rhronv  beriftcrtj  death,  aulops)/ 

Tie  patient  a  natne  male  about  40  years  of  a^  nas  admitted  to  hoipital  for 
chronic  diarrhcea  which  he  stated  was  of  long  standing  he  also  said  that  be 
had  sufTpred  from  iiute  beiiberi  about  eight  months  before  the  time  of  his 
admission  and  that  te  »as  still  antfenng  from  tliM  disease  Death  from 
exhaustion  and  mtestinal  hieniorrhage  oeiuried  hie  da^s  after  he  came  under 
observation  On  admission  the  patient  complained  of  great  weakness  diarrhoea 
and  partial  paraljsis  principally  in\ohing  the  lower  extremitiis  There  was  no 
cough  and  no  pain  in  the  diest  Fmaciation  was  \ery  great  and  antemia  pro 
nounced  There  na^  moderate  atiophy  of  the  lower  extremitiea  and  all  the 
refleves  were  absent 

\UT0PSY  nine  houi  s  after  (ieati  Paragonimus  lesions  similar  to  those 
already  described  under  the  other  cases  are  found  in  the  mleattnal  leall 
the  pentouetim  omentum  meacntene  It/mphattce  diaphragm  amail  \Hlesttne 
and  left  pleura  No  such  lesions  are  obsened  in  the  (un^s  although  a  most 
careful  search  was  made  and  these  organs  are  normal  excepting  a  moderate 
congestion  and  cedema  llie  left  pleura  particulaily  on  its  parietal  layer  is 
moderatelj  infeited  and  this  condition  is  more  marked  toward  the  base  of  the 
chest  this  infection  apparentlj  being  contmuous  intli  the  lesions  along  the 
diaphragm  Tile  most  advanced  lesions  are  found  in  the  abdomtrutl  catiftf 
and  particularly  m  the  omentum  where  some  of  the  slate  blue  cysts  10  to  15 
millimeters  in  diameter  arc  obsened 

Lesions  other  than  the  specific  and  definite  (ists  due  to  Para<ion\m'aa  infec 
tion  aie  as  follows  'Modeiate  fattj  degeneration  and  passive  congestion  of  the 
liver  shgbt  increase  in  the  siM  of  the  spleen  with  =ome  fibrosis  and  perisplenitis 
moderate  cirrhosis   of  tbe  kidneys  and  old    healing  amebic  ulcerations  of  the 

4s  is  true  of  the  other  eases  studied  parasites  or  eggs  are  found  in  manv, 
but  not  in  all  the  cysts 

Case  No  t —Intestinal  omental  and  lymphatte  para<iomt nasia  aeute  dysen 
tery  and  ohronte  pat eachymatoas  nephrttis     death     avtop$y 

Ptacticallv  n<thing  is  known  of  tl  e  clinical  historj  of  this  patient  The  most 
interesting  feature  of  the  c^se  is  the  complete  absence  of  lung  or  other  thoracic 
lesion  in  tbe  presence  of  a  well  defined  ParagommM  infection  of  some  of  the 
abdiminal  organs  There  are  two  (ypieal  lesions  due  to  P  uesterman  i  on  the 
undei  surftce  of  the  diaphragm   on  the  left  side 

Case  ^o  8—Paraj<m\miasta  of  the  left  lung  pleura  and  supertor  surface  of 
diaphraqm     acute  generahned  tuberculosis     death     autopsy 

The  interesting  features  of  this  case  are  as  follows  The  parasitic  lesions  are 
einfined  to  the  thoracic  ca\ity  they  are  associated  with  tuberculosis  and  the 
similarity  between  some  (f  the  tuberculous  and  the  Paragontm-us  lesions  is 
striking     The  bluiih  color  of  the  pirasitic  abscesses  is  less  marked  than  in  the 
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other  cases  and  a  similar  appearance  of  the  abBceseeH  of  tubermlar  origin  is  tnon 
decided  thxn  it  is  usually  Tubercle  bacilli  and  the  e^s  of  P  leestermamt  were 
found  together  in  bohip  of  the  lesions 

Coses  Nos  J  to  1" — These  are  all  cases  which  ha\e  only  been  obseried  elin 
ically  in  which  the  iiagnosis  has  been  made  bj  the  f n  iin{,  of  the  eggs  either 
in  the  sputum  or  'tool  These  cases  will  not  be  reporteU  in  detail  but  the 
more  or  less  careful  clinical  finding'  will  be  eml  Jied  in  then  ipj.rotriate  planes 
m  this  paper 

\  I     ETIOLOGY 
A.    CONTBIBUTINQ   CAUSES. 

The  contributing  causes  which  bring  about  infection  with  this  or- 
ganiani,  of  course,  can  not  completely  be  elucidated  until  the  life  cycle 
of  the  parasite  has  been  fully  worked  out.  However,  a  number  of  points 
deserve  consideration. 

(a)  GEOGR.YPIIICAL  DiSTHiBUTiON. — In  the  Opinion  of  some  of  the  best 
zoologists,  not  all  of  the  parasites  which  have  been  reported  as  Paragon- 
imus  are  of  the  species  westermanii,  but  until  such  time  as  this  confusion 
is  made  more  clear,  it  seems  advisable  to  consider  the  geographical  distri- 
bution of  this  disease  as  including  all  points  from  which  the  parasites  have 
been  reported  either  for  man  or  other  animals.  Considered  in  this 
broad  sense,  the  geographical  distribution  would  include  practically  all 
of  Japan,  points  in  Korea,  Formosa,  China,  Holland  (Amsterdam), 
Germany  (Hamburg),  Sumatra  and  the  United  States,  and  to  this  list 
the  Philippine  Islands  must  now  be  added.  It  is  almost  certain  that 
the  increased  interest  which  the  importance  of  this  subject  demands  will 
result  in  the  finding  of  the  infection  in  many  places  where  it  has  hitherto 
been  unsuspected. 

(&)  Age,  sex,  race,  occufatcon,  climate,  and  pkhsonal  iiafits. — 
Age  is  probably  not  a  factor  in  the  etiology  of  the  disease,  excepting  to 
the  extent  that,  as  in  many  other  infections,  the  exposure  is  greater  and 
the  infection  correspondingly  more  frequent  during  the  more  active  years 
of  life.  Stiles  from  the  statistics  up  to  1900,  compiled  59  cases,  45  of 
which  were  between  the  ages  of  11  and  30  years. ,  Four  eases  were  in 
children  under  10  years  of  age  and  one  in  an  individual  over  50  years 
old.  My  17  patients  ranged  from  20  to  62  years  of  age.  Eleven  of 
them  were  between  25  and  35. 

8ex.—The  disease  is  much  more  frequent  in  males  than  in  females. 
This  has  been  noted  by  several  Japanese  observers  and  in  a  recent  con- 
versation with  me.  Professor  Toldshige  again  emphasized  this  fact,  at 
least  in  so  far  as  Japan  is  concerned.  Stiles  and  Hassall's  statistics 
show  58  males  out  of  66  cases.  My  cases  have  all  been  In  males,  but  it 
must  be  understood  that  in  compiling  this  series  my  opportunities  for 
observation  have  not  been  such  as  to  allow  me  to  judge  in  regard  to 
females. 
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Occupation.— Th^  majority  of  writers  attribute  very  little  importance 
to  occupation  as  a  factor  in  the  etiology  of  the  disease.  Many  of  the 
reported  cases -have  heen  among  those  whose  vocation  brought  them  in 
contact  with  soil  and  water.  My  cases  have  all  been  among  people  of 
the  lower  classes,  where  many  of  the  different  occupations  offer  similar 
typ^  of  exposure  and  where  the  vocation  is  often  changed  from  day  to 
day.  Of  9  patients  in  my  series  where  the  occupation  was  given,  G  were 
fishermen,  2  were  cooks  and  1  a  laborer.  So  far  as  I  know,  fishermen 
have  not  been  considered  especially  susceptible  in  Japan. 

GUmate. — Katsurada  states  that  the  disease  is  more  common  in  the 
mountainous  region  of  Japan. 

Physical  condition  and  personal  haiits. — Some  writers  have  con- 
sidered cold  and  other  infections  to  be  predisposing  factore,  while  others 
state  that  healthy  persons  are  equally  susceptible. 

An  examination  of  my  cases  does  not  indicate  any  especial  suscep- 
tibility due  to  the  personal  habits  or  to  the  physical  condition  of  the 
patient.  As  may  be  noticed  from  the  protocols,  other  diaeases,  which 
probably  antedated  the  fluke  infection,  were  present  in  some  instances, 
while  in  others  the  parasitic  disease  was  apparently  the  only  contributing 
cause  of  death.  The  association  of  tuberculosis,  amoabiasis  and  other 
diseases  with  paragonimiasis  will  be  discussed  in  another  part  of  this 
paper. 

B.    BPBCIKJC  ETIOIOOT. 

Trematodes  in  general. — The  zoological  position  of  parasitic  flukes 
is  shown  in  Table  No.  1,  and  the  principal  diagnostic  points  of  the  para- 
sites and  ova  are  given  in  Tables  Nob.  2  and  3.  In  addition  to  this, 
however,  it  seems  advisable  to  enter  somewhat  more  into  the  zoological 
details,  because  of  the  very  great  importance  of  the  infections  to  which 
trematodes  may  give  rise. 

There  are  two  classes  of  the  Platyhelminihes  or  fiat  worms  of  interest 
to  medical  men.  These  are  the  Cestoda,  which  have  no  digestive  tube, 
and  the  Trematoda,  which  have  a  more  or  less  well- developed  digestive 
apparatus  without  an  anus.  The  order  Malacocotylea  of  the  class  Trem- 
atoda contains  4  families  and  10  genera  or  collective  groups,  with  15 
species  which  -interest  us  as  medical  men.  There  are  certain  more  or 
less  general  characteristics  of  the  members  of  the  order  which  here  may 
briefly  be  noticed,  because  they  tend  to  simplify  the  study  of  the  species 
which  directly  concerns  us. 

Nearly  all  parasitic  flukes  are  hermaphroditic,  witii  two  important 
exceptions,  namely,  the  two  species  of  the  genus  Schistosoma  {S.  hema- 
tobium  Bilharz  and  S.  japonicum  Katsurada),  in  both  of  which  male 
and  female  adult  parasites  develop.  They  are  all  rather  small,  uonseg- 
mented  worms  of  various  shapes,  but  for  the  greater  part  they  are  of  an 
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indefinite  oval  torm  There  are  one  or  n  ort  luckira  and  m  a  iov,  n 
stances  one  of  these  is  armed  with  hoAlets  The  n  outh  or  oral  sucker 
also  performs  the  function  of  the  anus  The  tutidp  in  most  fptcita  le.  m 
part  covered  ^sith  tjcalib  or  spine*  but  the^c  are  tntirely  absent  in  others 
rhe  musculai  "s^item  is  rather  poorly  de^elopeil  it  consists  of  a  series  of 
fibers  just  beneath  the  cutitle  and  what  is  known  \&  the  parench-vmatous 
mustk  whiih  sends  branche'i  through mt  the  boh  A  nenous  system 
aho  poorlj  deiebped  consists  chiefly  of  two  or  three  ganglionic  masses 
near  the  heal  with  their  corresponding  trunks  and  hrinches  t)  various 
portions  of  the  bod>  The  digestiip  tract  consists  of  a  mouth  (oral 
sutker)  phar>n\  anl  wsojhagub  which  dniles  into  two  intestinal 
cffioi  which  m  turn  in  a  more  or  less  winding  manner  leach  to  the 
posterior  portion  of  the  parasite  and  terminat«  as  blind  sacs.  In  the  genus 
Schistosoma  there  are  one  or  more  unions  and  separations  of  these  in- 
testinal caeca  before  they  end  in  the  posterior  portion  of  the  parasite 
The  excretory  system  is  primitive,  hut  fairly  well  developed.  It  begins 
in  excretory  cells  located  in  various  parts  of  the  body  which  lead  by 
channels  with  the  usual  anastomoses,  to  an  opening  in  the  posterior 
portion  of  the  parasite,  called  the  excretory  pore.  The  reproductive 
system  is  well  developed  and  shows  considerable  variation  in  different 
species.  In  the  main,  the  prominent  features  are  about  as  follows: 
The  two  testicles  are  usnally  situated  in  the  posterior  portion  of  the 
worm,  and  are  of  various  shapes.  Kach  one  is  connected  by  a  seminal 
duct  with  the  vas  defcrns,  which  in  turn  passes  forward  and  ends 
in  the  cirrus  pouch  which  is  on  the  ventral  surface  and  closely  con- 
nected with  the  genital  pore.  This  pouch  also  contains  the  cirrus  or 
penis.  From  the  vulvar  opening  the  vaginal  tube  is  continuous  with 
a  well-developed  uterus  which  usually  has  many  folds  and  terminates 
in  the  shell  gland  at  the  cotype.  It  is  indirectly  continuous  through 
the  cotype  with  other  tubes  which  also  enter  the  latter  as  follows :  The 
oviduct  which  connects  directly  with  the  ovary,  the  vitelline  duet  which 
is  formed  by  tubes  connecting  with  the  yolk  glands'  or  vitelline  follicles 
and  Laure/s  canal,  which  is  a  small  canal  of  unknown  function  opening 
on  the  back  of  the  worm  and  often  distended  at  its  inner  end  into  a  reccp- 
taadum  seminis.  Ova  pass  out  through  the  vaginal  outlet  and  at  the 
time  of  oviposition  may  or  may  not  contain  a  ciliated  embryo.  In  either 
case,  under  proper  environment,  a  ciliated  miracidium  escapes  from  the 
egg  and  after  a  time  enters  an  intermediate  host.  The  parasite  is 
again  taken  into  an  animal  host  from  some  one  of  these  unknown  inter- 
mediate ones  and  the  adult  parasite  once  more  developes. 

The  entire  life  cycle  of  any  of  these  flukes  with  the  exception  of  that 
of  F.  kepatica  Linn,  is  not  k-nown,  but  it  is  probable  that  the  intermediate 
hosts  will  he  found  among  the  same  class  of  uiollusks  as  the  ones  which 
harbor  F.  hepaiica. 
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Table  No.  1. — TTematodet  infecting  man,  showing  the  touloffical  pomtioa  of  flutm. 


(Order.) 

(Family.) 

(Genus,  or 
collective  group 

(Species.) 

Monostomalum  . 

.  jU.  tenlfsUeai'lieldt. 

Opfsthorchis  __ 

_  A.  apMlialmobimii  Dleslng 
fO./MfncuiIUvollk. 

{0.8fti«««Cobl)Old. 

ra.cioIi.iu. 

Fasclolopsla 

IF.  hiietii  Lankester, 

.P.u««f™<,niJKerl.ert. 

FascioU 

IF.  hfjinllm  Linn. 
'\F.  a^Ulai  Cobbold. 

HuatrodlKcus 

.  (T.ft™f«;»LandMeC. 

P.  WE8TEHMANII  Kerb. — F.  westermanU  belongB  to  tlie  family  Fas- 
ciolidae  and  is  the  type  species  of  the  genus  Paragonimus.  It  was  diB- 
covered  by  Kerbert  in  1878. 

(tt)  Synonyms. — The  synonyms  for  this  parasite  as  given  by  Stiles 
are  in  tbe  foot  note.' 

(b)  QenercU  desaipUon  and  specip-c  duigno'<i\  of  the  parastlef — Size: 
There  are  considerable  variations  in  the  measurementt  of  the  this  worm 
as  they  are  given  by  various  writers  These  are  fliown  in  Table  Ko.  2. 
The  personal  equation  must  be  considerable  in  trying  to  measure  the 
living  organism  but,  even  after  eliminating  tliH  and  as%Hch  as  possible 
all  other  sources  of  error,  the  differences  in  measmtnients  art  \ery  large 
and  they  are  often  noticeable  in  mature  Kpecimens  troin  different  loLations 
in  the  same  host.  The  limits  of  variation  are  probably  included  in  the 
following  measurements :  0.008-0.020  X  0.004-0.009  X  0.002-O.OOC.  On 
one  occassion  several  parasites  found  in  an  abscess  in  the  abdominal  cavity 

'  (a)  Synonyms.— Dtstoitio  vxstermanii  Kerbert,  1878;  Distoma  ringeri  Cob- 
bolci,  1880;  Oregarina  pulmonum  Baelz,  1880;  Gregarina  fusoa  Baelz,  1880; 
Disiomum  westermani  Kerbert,  1881 ;  Disloma  pulvumia  Kiyona,  Suga,  and 
Yamagate  (1881);  Dislomttm  putmonia  Kiyona,  Suga,  and  Yamagate  (I88I); 
Disloma  pulmonale  Baelz,  1883;  Diatoma  pulmonar  La  Clinica  de  Malaga,  1883; 
Distoma  puimonutn  (Baelz)  Tomono  Hidekata,  1883;  "Distoina  hepaticum  Linn." 
of  Miura,  1889;  Diatomum  ringeri  (Cobbold,  1880)  von  Linatow,  1889;  Diato- 
mum  vxBtermanniJ.encka.rt,  ISS9;  Diatomum  pulmonale  (Baelz)  Leuckart,  1S89; 
Diatomum  cerebrate  Yamsgiwa,  1890;  Distoma  ringera  Rev.  Sci.,  1890;  "Meao- 
'gonimua  uxatermanni   (Kerbert,  1878)"  Kailliet,  1890;  Mesogonimui  pulmonalia 

(Baelz,  1883)  Railliet, '  1890;  Meiogonimus  ringeri  (Cobbold,  1880)  Railliet, 
1890;  Distoma  ixiestermomd  (Kerbert,  1881)  Weber,  1891;  "Dtaloma  weitermanni 

(Leuckart)  Blanchard,  1891;  "Mesogonimus  pulmonale  (Baelz,  1878)"  StoBsieh, 
1892;  "Diatoma  (Mesogonimaa)  iceatermani  Kerbert,  1S7S,"  of  Stiles,  1894; 
Distomum  ap.  of  Kellicott,  1894;  Diatomi  ringeri  (Cobbold,  1880)  Simon,  1807; 
Paragonimus  weatermanii   (Kerbert,  1878)   Stiles  &  Hassall,  1900. 
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were  quite  large,  averaging  0.015-0,018  in  Length,  whereas  those  taken 
from  the  lung  in  the  same  case  were  only  0.010-0.015.  The  worms  con- 
tract under  the  influence  of  all  preservatives,  and  measurements  made 
with  specimens  which  have  been  subjected  to  this  influence  give  still 
more  uncertain  results. 

Color:  The  color,  when  the  trematode  is  first  removed  from  the  ani- 
mal host,  Taries  from  a  dark  reddish-brown  to  a  light  slate.  After  it  has 
been  exposed  to  the  air  for  a  short  time,  the  surface  takes  on  a  dull- 
grayish  appearance,  similar  to  tbat  seen  in  the  preserved  specimens. 

Shape:  When  the  parasite  is  alive  its  shape  is  somewhat  variable,  but 
on  the  whole  it  is  fairly  constant;  it  is  oval,  the  more  acute  pole  being 
the  caudal  extremity.  The  ventral  surface  is  more  flattened  than  the 
dorsal  one  and  at  times  it  is  even  concave,  except  at  the  extreme  cephalic 
end,  where  the  more  spherical  shape  is  maintained.  Specimens  are 
always  altered  while  in  preparation;  this  is  probably  due  to  the  more 
rapid  absorption  of  the  chemicals  by  certain  portions  of  the  body  and 
the  consequent  uneven  contraction. 

Motility:  There  does  not  appear  to  be  much  in  the  literature  concern- 
ing the  motility  of  these  worms.  The  parasites  do  not  appear  to  have 
more  than  a  slight  power  of  active  locomotion  when  they  are  removed 
from  the  host,  but  motions  of  different  portions  of  the  body  may  be  seen. 
The  most  interesting  of  these  gives  the  trematode  the  ability  to  pro- 
trude and  retract  its  head  by  stretching  or  contracting  that  part  of  the 
body  cephalad  of  the  acetabulum,  and  again  it  has  the  power  of  altering 
the  plane  of  the  oral  sucker  in  a  like  manner,  so  that  at  times  the  latter 
may  appear  to  be  directly  terminal  and  again  almost  completely  sub- 
terminal.  These  two  motions  may  be  observed  in  a  much  more  striking 
degree  in  members  of  the  genus  Opisthorchis. 

Cuticle:  A  rather  thick,  dense  skin  envelopes  the  entire  parasite,  but 
when  it  is  carefully  studied  in  serial  sections  cut  longitudinally  and  trans- 
verseJy  (see  Plates  V,  VI,  VII,  and  VIII)  it  is  seen  that  this  cuticle  is 
not  of  equal  thickness  throughout,  it  being  heavier  on  the  dorsal  and  lat- 
eral surfaces  than  it  is  on  the  ventral  one.  Even  in  some  places  on  the 
dorsum  it  is  thicker  than  it  is  in  others.  At  the  cephalic  end,  the  struc- 
ture of  the  cuticle  is  more  closely  interwoven  with  that  of  the  deeper 
tissues. 

Spines:  Almost  the  entire  body  of  this  worm  is  covered  with  scale-like 
spines,  which  are  of  different  sizes  in  different  locations,  and  in  certain 
places,  such  as  the  ventral  surface  from  the  acetabulum  to  the  oral  sucker, 
they  are  almost  entirely  absent.  The  spines  in  this  situation^  wherever 
they  occur,  are  smaller  than  the  others;  they  gradually  increase  in  size 
on  the  lateral  borders  and  they  reach  a  maximum  on  the  dorsum.  This 
seems  to  be  true  whatever  transverse  plane  of  the  body  is  studied,  but  it 
is  particularly  marked  about  the  region  of  the  acetabulum.     Again,  in 
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longitudinal  sections  it  ii  observed  ttat  the  spines  at  the  extreme  cepliaiic 
extremity  are  BmaHtr  and  that  thej  lecome  larger  toward  the  equa 
torial  portion  and  again  hl)g!tl>  nailer  at  the  canlal  extremity  In 
places,  such  as  on  the  dorsum  these  spines  seem  to  extend  above  the  sur 
face  more  than  the}  1  m  other  situations  wbLrea**  al  ng  the  caudal  por 
tion  of  the  ventral  surface  their  projection  above  the  lurface  is  hardl} 
noticeable  in  section's  The  varying  direttun  of  these  spines  as  they  are 
seen  in  sections  from  different  worms  would  suggest  that  during  life  the 
animals  may  have  the  power  of  moving  them  and  ptrhaps  >f  using  them 
in  locomotion  or  in  holding  themselves  in  position  for  other  purposes. 
This  hypothesis  of  motion  is  further  bom  out  by  the  unique  arrangement 
and  setting  of  the  spines  in  the  skin.  They  rise  from  the  inner  surface  of 
this  organ,  penetrate  it  at  fairly  constant  and  parallel  angles,  and  are 
very  closely  held  in  place.  Alternate  layers  arise  from  a  slightly  more 
superficial  layer  of  the  skin,  but  these  pass  out,  as  do  those  from  the  deeper 
tissues. 

Oral  sucher:  This  is  spherical  or  slightly  oval  in  shape,  the  largest 
diameter  always  being  ventro-dorsal,  it  is  terminal  to  subterminal,  and  in 
the  living  parasite  it  may  change  from  one  to  the  other  of  these  positions. 
Measurements  have  only  been  possible  in  preserved  specimens,  and  here 
accurate  work  with  a  Zeiss  photomicrographic  apparatus  gives  0.86  milli- 
meter as  an  average  of  10  specimens,  the  smallest  being  0.G3  and  the 
largest  0.97  millimeter.  The  sucker  is  composed  of  outer  and  inner,  rather 
definite,  membranes  which  are  connected  hj  radiating  fibers  interspersed 
with  small,  granular  cells.  The  outer  membrane  apparently  connects 
directly  with  the  parenchymatous  muscle  fibers  of  the  parasite.  The 
lateral  lips  of  the  sucker  are  heavier  than  the  ventral  and  dorsal  ones. 

Ventral  acetabvlum:  This  is  slightly  larger  than  the  oral  sucker.  The 
average  measurements  in  the  parasites  used  in  measuring  the  oral  sucker 
gave  0.9S  millimeter,  the  smallest  being  0.76  and  the  largest  1.31.  It  is 
slightly  oval  or  spherical  in  shape,  and  in  structure  it  closely  resembles 
the  oral  sucker.  It  is  situated  in  the  cephaHc  half  of  the  body,  on  the 
ventral  surface.  At  times  its  surface  seems  to  be  parallel  with  the  ventral 
surface  of  the  parasite  and  again  it  appears  to  form  quite  an  angle  with 
the  latter.  The  distance  of.  the  acetabulum  from  the  oral  sucker  is  a 
changing  one  during  the  life  of  the  parasite ;  this  is  due  to  contractions 
and  protrusioiK  of  the  cephalic  portion  of  the  worm. 

Pharynx:  This  is  a  constricted  portion  of  the  oro-cesophageal  tube  and 
it  does  not  differ  in  structure  from  the  cesophagus. 

(Esophagus:  This  organ  is  short  and  finally  divides  into  the  two  intes- 
tinal cffica.  Together  with  the  pharyns,  it  arches  somewhat  dorsally  from 
the  oral  sucker  to  its  bifurcation;  in  structure  it  resembles  the  oral 
sucker. 
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Intestinal  c<eca:  These,  two  in  number,  rise  from  the  bifurcation  of 
the  cesophagus  and  mn  out  in  a  zig-zag  course  on  either  side,  very  nearly 
to  the  caudal  end  of  the  parasite.  Sections  through  these  organs  show 
what  appears  to  be  a  primitive  mucous  membrane  consisting  of  a  base- 
ment membrane  with  superimposed  cells 

Oenital  pore:  This  is  small  and  often  indistinct.  In  3  out  of  5  speci- 
mens it  was  to  the  left  of  the  mediaij  line,  close  to  the  ventral  acetabulum. 

Male  organs:  These  are  not  very  well  developed;  the  testicles  lie  one 
on  each  side  of  the  median  line,  the  one  slightly  more  caudad  than  the 
other,  and  both  just  posterior  to  the  uterus,  however;  the  latter  organ 
sometimes  so  overlaps  one  of  the  testicles  as  to  render  its  detection  dif- 
ficult.    The  cirrus  and  cirrus  pouch  are  absent. 

Female  organs:  The  rather  short,  compact,  closely  coiled  uterus  may 
lie  on  either  side  of  the  median  line  just  eaudad  of  the  ventral  acetabulum. 
The  ovary  is  distinct,  branched,  and  usually  almost  opposite  and  slightly 
posterior  to  the  uterus. 

Excretory  pore:  This  is  prominent  and  situated  at  the  caudal  extremity. 

Viteilaria:  These  are  numerous  and  well  developed,  covering  almost 
the  entire  parasite.     Laurer's  canal  is  present. 
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Table  No.  3. — ShovAng  lite  priruApal  diagnostic  yointt  of  fiuke  egg» — Continued. 


Mirlcldum, 

Sporocyet 

BedU. 

Cercarla. 

■"•S"" 

M.  lenla  Gescheidt  - 
Diesing. 

0.  noi-erm  Braun  — 
0.  .iimrf*  Cobbold_. 

Unknown. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Bnalla. 

t 

Contains         ci  Haled 
embryo  at  ovlpost- 

(7)  Unknown 

Conlains         ciliated 

embryo  at  oviposi- 

tlon. 

Notkiiown 

Not  known 

Not  known. 

do 

do 

do 

-—do 

and  found 

bold. 

P.  iKefcrmonii  Ktt- 
bert. 

Thick  shell;  oonlalns 
otllawa  embryo  at 
oYlpoaltion. 

CIKateH;      devolopes 
after  era  leaves  the 
host. 

Conical,         ciliated, 
with   one    p*pilla, 
twoenp-Ehaped  eye 
spots  and  rudimen- 
tary inteetine. 

. do 

- do 

Found  in 

do._„ 

—-do 

mall  snails 

dolphl. 
0.     hommiK    Lewia 
and  MeCoDnell. 

htt«. 
S.  Japimiciim  Katsu- 

Contains       embryo 

Develops  after  ovlpo- 

Elongate,  oval,  ctli-, 
aled    on    anterior 

Ova:  The  eggs  are  oval  m  shapt  and  \ary  in  color  from  a  reddish-brown 
to  ligh1>yellow,  the  color  depending  wmewhat  upon  the  stage  of  their 
development  and  the  sourte  from  which  thev  are  obtained  and  ptrhaps 
also,  upon  other  conditione  which  are  not  fully  understood  Again  their 
size  varies  considerably,  and  i  glance  at  Tible  No  3  will  show  the 
marked  differences  in  the  measurement  gnen  b\  somi  of  the  principal 
observers.  I  have  carefully  measured  ^\eral  specimens  with  the  Zeiss 
photomicrographie  apparatus  with  the  following  results 

Lengtli,  0.0062  to  0.0098;  average,  0.0074. 
Breadth,  0.0047  to  0.0063;  average,  0.0057. 

Eggs  ID  sections  of  tissues  and  those  preserved  in  any  other  manner 
contract  somewhat  and  these  are  not  considered  in  the  measurementB 
given   above.     A   well-marked   operculum   is  probably   present   in   all 
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mature  specimens,  but  in  many  instances  this  is  indistinct  and  at  times 
it  can  not  be  made  out  at  all.  This  operculum  has  quite  a  distinctive 
appearance  which  is  noticeably  diffefcnt  from  that  of  some  of  the  other 
fluke  eggs.  The  operculum  in  the  ova  under  consideration  appears  to 
fit  into  an  opening  very  much  in  the  manner  of  a  cork  into  a  bottle, 
whereas  in  some  of  the  other  trematodes,  particularly  Opisthoirhis,  the 
opercula  appear  to  be  placed  over  openings  more  in  the  fashion  of  a  cap. 
The  ovic  cell  in  many  specimens  is  quite  distinct,  and  several  yolk  cells 
are  then  also  present,  but  in  others,  even  if  they  are  taken  from  the 
same  abscess,  no  such  structure  can  be  made  out. 

(c)  Life  cj/c/e.— The  life  cycle  of  this  worm  is  unknown;  this  fact  is 
brought  out  by  Table  No.  3.  When  the  eggs  are  oviposited  they  do  not 
contain  an  embryo,  hut  Manson  and  a  few  other  observers  have  succeeded 
in  hatching  free  swimming,  ciliated  niiracidia  from  these  eggs  by  placing 
them  in  water  for  given  lengths  of  time.  I  have  repeated  these  experi- 
ments many  times,  but  so  far  have  not  succeeded  in  obtaining  the  mira- 
eidia.  The  sporocyst,  redia,  cercarla  and  intermediate  host  or  hosts  are 
absolutely  unknown,  but  reasoning  from  analogy  it  is  probable  that  the 
intermediate  host  will  bo  found  to  be  some'  form  of  edible  snail. 

(d)  Ilahitat. — The  habitat  is  in  man  (all  tissues  and  organs)  the 
dog,  cat,  ]iog,  cow  and  tiger.  In  the  Philippine  Islands  it  has  been  found 
in  man  and  the  cat.  The  men  under  my  observation  were  one  Chinaman 
and-two  Japanese,  the  others  being  native  Filipinos.  Thirty-two  autopsies 
on  eats  were  performed  and  although  fluke  infections  were  present  in  over 
60  per  cent  of  the  animals,  P.  westermanii  was  found  hut  once.  It  has 
not  been  encountered,  even  after  careful  search  in  rats,  dogs,  or  monkeys. 

(e)  Distribution  in  the  body.- — The  parasites  or  eggs  have  been  re- 
ported according  to  previous  literature  in  the  following  places :  The  lung, 
brain,  eyelids,  liver,  intestinal  wall,  omentimi,  diaphragm,  cervical  glands, 
in  Poupart's  ligament,  the  perineum,  appendix,  rectum,  peritoneum,  cir- 
rhotic liver,  and  free  in  the  abdominal  cavity. 

Looss  and  other  careful  workers  doubt  the  diagnosis  in  some  of  these 
cases.  However  that  may  be,  I  now  wish  to  confirm  every  one  of  the 
above-mentioned  sites  of  infection  and  to  add  to  them  practically  every 
other  tissue  and  organ  in  the  body.  Particular  attention  may  he  called 
to  the  spleen,  skin  (ulcers),  lymphatics,  pancreas,  heart  and  pericar- 
dium, the  epididymis,  urinary  hladder,  psoas  and  other  muscles,  and 
many  other  places.  In  fact,  in  some  of  my  cases  which  have  been  de- 
scribed above  the  distribution  of  the  parasites,  eggs  and  lesions  was 
sufficiently  universal  to  justify  the  term  of  general  infection. 

(f)  Primary  points  of  infection  and  manner  of  spread  in  the  body. — 
The  exact  mode  of  infection  can  not,  of  coiwse,  be  determined  until  the 


Hosted  by 


Google 


PARAGONIMIASIS   IN   THE   PHILIPPINES.  37 

life  cycle  of  the  parasite  is  further  elucidated.  Considering  the  facts 
which  are  available,  it  hae  generally  been  supposed  that  the  infection  ia 
taken  into  the  gastrointestinal  canal  through  food  or  drink.  However, 
it  has  been  difficult  to  reconcile  this  conclusion  with  the  next,  quite 
generally  accepted,  statement  that  the  liin^  are  the  primary  seat  of 
lesions  and,  indeed,  are  the  only  organs  involved  in  many  of  the  cases. 
Several  observers  believe  that  the  worms  reach  the  lungs  by  wandering 
from  the  cesophagus  into  the  trachea  and  then  through  the  bronchial 
tubes.  Katsurada  considered  that  the  young  worms  could  bore  through 
the  intestinal  wall  and  reach  the  lungs  by  the  lymphatics  and  Yama- 
giwa  thought  that  they  could  enter  them  by  penetrating  directly  through 
organs  and  tissues.  All  have  agreed  that  the  brain  lesions  which  are 
often  encountered  are  secondary  to  the  pulmonary  ones,  and  that  the 
infection  reached  this  organ  through  the  hlood  ve^^s. 

Considering  our  present  knowledge  of  the  subject,  infection  through 
the  gastro- intestinal  canal  must  be  accepted  but  the  possibility  of  infec- 
tion through  the  sound  or  broken  skin  can  not  be  excluded.  Further- 
more, from  the  facts  brought  out  in  this  report,  the  lungs  can  not  be 
considered  as  the  primary  seat  of  lesions  nor  even  in  many  cases  as  the 
most  important  organs  involved. 

The  observations  made  in  Manila  further  convince  me  that  the  spread 
of  the  infection,  when  it  is  once  established,  is  chiefly  by  the  lymphatics, 
as  was  originally  pointed  out  by  Katsurada.  Many  facts  tend  to  Sup- 
port these  statements.  In  the  first  place,  in  at  least  one  of  my  cases  the 
lungs  were  not  at  all  involved  and  in  one  instance,  they  were  the 
only  organs  infected.  All  the  findings  are  compatible  with  the  theory 
of  gastro-intestinal  infection,  spread  by  lymphatics.  Even  the  lung 
lesions  often  bear  out  this  view,  for,  as  we  shall  presently  see,  the  major- 
ity of  the  lesions  are  not  of  the  bronchiectatic  type  as  it  is. generally 
considered,  but  they  bear  a  cioser  relation  to  the  lymphatic  system. 

Vir.    PATHOLOGY. 

The  articles  dealing  with  the  pathology  of  this  infection  prior  to  1899 
have  been  well  summarized  by  Stiles  and  Hassall;  the  most  important 
ones  since  that  time  have  been  those  of  Katsurada,  Scheube  and  of  Ijoosb. 
Taken  together,  these  discussions  hardly  present  an  adequate  picture  of 
the  pathology  of  the  disease  as  it  has  been  seen  in  Manila. 

In  general  in  my  cases,  the  distribution  and  severity  of  the  lesions  have 
been  greater  than  is  usually  recognized  to  be  the  ease  by  other  writers, 
and  the  lung  lesions  are  not  as  predominant  as  they  have  been  accredited 
with  being  in  other  localities  where  the  disease  is  endemic. 
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The  cliaracter  and  the  amount  of  material  for  this  report  has  already 
been  extensively  reviewed  in  Chaptor  V. 


Museum  specimens  have  been  prepared  by  the  Kaiserling  method  and 
a  fairly  complete  collection  of  specimens  deposited  in  the  Museum  of  the 
Biological  Laboratory  of  the  Bureau  of  Science  in  Manila.  Another 
smaller  selection  has  been  forwarded  to  the  Army  Medical  Museum  in 
Washington,  and  still  others  furnished  the  Naval  School  of  Tropical 
Medicine  in  Washington  and  other  intereste<l  persons.  Tissues  for  histo- 
logic study  were  fixed  in  Zenker's  solution  and  in  alcohol  and  idtimately 
imbedded  in  paraffin^ 

A  large  variety  of  stains  has  been  used,  including  Van  Gieson's, 
Heidenhain's  iron  and  other  hematoxylins,  Borrel's  and  the  safranin 
stains.  Many  stains  are  satisfactory  for  the  reason  that  fine  differentia- 
tion is  hardly  necessary  for  the  study  in  sections  of  the  organisms  or  eggs. 
On  the  whole,  the  Van  Gieson  has  proved  the  most  useful  stain,  and  it 
is  by  far  the  most  satisfactory  for  the  study  of  the  cuticle  and  spines 
of  the  parasites.  Eosin  and  inethylene-blue  give  a  sharp  and  clear 
picture,  particularly  of  the  eggs,  although  these,  as  well  as  the  parasites, 
are  -easily  recognized  even  in  unstained  sections. 
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PARAGONIMIASIS   IN   THE   THILIPPINES. 
1  eight  fatal  oaut  of  paragonimui  mfeelion. 
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Hght  fatal  eaxei  of  paragonimiis  inffclitm — Continued. 


■  V. 

V. 

VI- 

VII. 

Tuberculorts. 

ftDHt    'lea- 
Ions    Innnd. 

leaions  'left 

Free  from  adheBlons  ex- 
cept  around   the   duo- 

covering     a     pflst-peri- 

scess      leading      down 
behind  the  left  kidney. 

the  left  side  and  a  lew 
cyslk  abscesses  on  the 

Eitenslve  Pnr- 

?n?^Uo'n'lim" 
ilarloCasell. 

Eilenslve  l-ni- 

"flrm^aSd'few 
subeapslilar 
cystic  '^  ab- 

""ffM-oi 

l^ower 

Adhesions 
lenslTe    iMr- 
l'"ecUo;'of 

ber"of"a"; 
S^"rS 
Appears      nor- 

Moderate  tatty 

'^mal'"^      ""'' 

Appear"      nor- 
In    lower   por- 
ish  cystic  flb- 

"wc"^n™« 

Moderate  num- 
ber of  adhe- 
tlons       with 

f^M^leXIfl 

lac^'enVde; 
Slightly        en- 

ar  "" 

appear  normal. 

Appears      nor- 
PnroffomjjMM 

thtonghout 

aoui°dyBen- 
tery  through- 

bound  down  with  adhe- 
sions. 

Appears  normal  externallj 

Hosted  by 


Google 


MlTSOlLrWE. 
Tabi  E  No  4 — Shoving  pnlh'ilogical 
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eight  fakil  cuets  of  pamyonimtts  infeetion — Continued, 
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liather  liberal  abstracts  from  the  autopsy  protocols  in  my  eight  fatal 
cases  are  given  in  Chapter  V  of  this  report,  and  these  findings  are  epito- 
mized in  Table  Xo.  4. 

All  the  previously  described  lesions,  as  may  be  seen  from  a  study  of 
these  cases  and  of  the  literature  on  the  subject,  are  found  in  these  eight 
and  in  addition  new  distributions  and  pathological  procesBcs  caused  by 
the  parasite  arc  recorded.  In  three  of  these  cases  the  distribution  is 
extensive  enough  to  justify  the  term  general  infection;  in  two  it  is  so 
markedly  predominant  in  the  lungs  that  thoracic  or  pulmonary  paragon- 
imiasis would  seem  a  proper  designation  in  these  instances;  in  one  case 
of  epilepsy  the  term  cerebral  paragonimiasis  would  more  clearly  indicate 
the  nature  and  most  active  location  of  the  processes.  Whatever  the  loca- 
tion or  distribution  of  the  lessions,  there  is  always  a  great  similarity 
between  them. 

These  Paragonimus  lessions  have  certain  characteristics  in  general, 
which  are  sufficient  to  make  it  possible  iisually  to  identify  the  mature 
ones  even  without  finding  the  parasites  or  without  using  the  microscope. 
Tliese  characteristics  are  the  color,  general  structure,  contents  and  the 
absence  of  evidence  of  active  inflammation. 
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which  may  or  may  not  bn  present  there  is  a  material  resembling  ■mchovy 

siULt  filhng  the  tntire  cavity  \t  tm  es  (prcVabl^  m  mixed  infections) 
tht,  contents  may  appear  more  like  or]inar>  pUi  and  again  it  miy  be 
caseous  and  hardly  distinguishable  from  a  tul  crculou'.  lesi  >n  It  must 
be  rememherei  that  suth  a  double  infection  mav  be  present  \s  j  rule 
there  is  an  almost  complete  absence  of  the  usual  evidences  of  nflamrai 
tion  in  or  around  these  les  ons 

While  lesions  answeimg  to  the  description  gnen  above  art  charac 
tenstic  and  while  some  of  thim  ma\  lie  found  m  e\er\  case  of  the  disease 
there  are  scvcnl  important  exceptions     These  <.\c  ptioris  arc  sn  prom 
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inent  that  for  convenience  in  discussion    [    will  somewhat  arhitrarily 
give  the  following  classification : 

(a)  The  non-siippuratjiig  I^Hiuij. 

(6)  The  tubercle-like  lesion. 

(c)  The  suppurating   (absceuH)    lesion. 

(d)  Ulcerative  lesion. 

Skin. 
Mucosa. 

Bronchial. 

Intestinal. 

(a)  The  non^suppurahny  Jrxion.  may  or  may  not  hi'  an  early  one.  It 
has  three  suhtypes, 

1.  Those  found  on  serous  surfaces  such  as  the  pleurie  and,  loss  fre- 
quently, the  pericardium  or  meninges.  Those  lesions  are  nearly  always 
located  at  some  point  of  adhesion  between  serous  surfaces  and  consist  in 
raised,  brownish-colored,  slightly  roughened  areas,  which  are  moderately 
firm  and  which  often  contain  ova      (See  PI.  I.) 

2.  Those  found  in  the  loose  connective  tissue,  for  example  in  the 
subserous  tissues  of  the  intestine,  and  les-*  frequently  in  the  lung,  liver 
and  elsewhere.  They  consist  in  a  simple  infiltration  of  the  tissue  with 
eggs,  without  to  any  extent  alterating  the  normal  histological  picture 
(see  PI.  IX,  fig.  1);  sometimes  there  is  seem  moilerate  inflammatory 
reaction  and  in  more  advanced  ones  some  increase  in  connect ive'-tissue 
formation.  These  lesions  are  almost  certainly  early  ones  and  immedi- 
ately precede  the  ones  about  to  be  described, 

3.  Those  which  consist  in  a  simple  hyperplasia  of  connective  tissue, 
containing  ova.  They  are  sometimes  located  in  the  cirrhotic  liver  and 
more  often  in  the  submucous  and  subserous  coats  of  the  intestine,  and 
in  the  lung. 

4.  The  pneumonic  areas  often  encountered  in  the  lung.  These  pneu- 
monic areas  closely  resemble  similar  lesions  from  other  causes  and  may 
or  may  not  contain  parasites  or  ova.  They  probably,  at  least  in  part, 
follow  lesions  of  types  2  and  3. 

&.  TnheraAe-like  lesions  most  often  are  found  in  the  lung,  but 
occasionally  are  also  observed  in  other  organs. 

Miura  and  other  observers  described  such  lesions  as  closely  resembling 
miliary  tubercles,  Imt  I  have  not  found  such  exceedingly  small  and  defi- 
nite ones  of  this  type.  However,  in  the  lungs  and  elsewhere  caseating 
nodules  are  encountered  which  are  from  3  to  10  millimeters  in  diameter 
and  which  are  almost  or  quite  indistinguishable  from  similar  ones  of 
tubercidous  etiology. 

c.  The  mppuraUng  lesions. — These  are  of  two  kinds,  the  first  showing 
early  formation  of  abscesses,   which   in  appearance  resemble   ordinary 
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pyogenic  ones  probably  followed  at  times  b\  the  setond  kind  which  is 
iharacterized  by  the  development  of  a  i\^t  wall  However  this  is  not 
the  uni\Lr'ial  course  of  these  lesions  for  sometimes  particularh  in  the 
prostate  glanl  and  m  the  l>mphatic  glandi  the  ordmar}  tjpe  of  abscess 
formation  is  mere  nearl>  maintained  duimg  the  ccurse  ot  the  infection 
and  the  t^st  wall  w  th  the  bluish  coloration  d)es  not  le\clop  \gain 
we  finl  the  n  ore  cystic  t\pe  of  dtvebpment  shown  jn  some  of  the 
smallest  and  earliest  lesions  While  the  ordmaiv  lesions  whieh  appear 
like  abscesses  often  contain  o\a  their  presence  can  hardl)  be  said  to  be 
characteristic  >f  the  diHea=ic  and  this  t\pe  of  le&ion  la  probably  due  m 
part  at  least,  to  other  ^tiologie  influences  The  bluish  slate  colored 
cystic  absecs  like  lesions  are  more  or  less  froe]uent  m  e\erx  case  lhe> 
are  characteristic  of  the  lisease  and  ha%L  already  been  described 

d  Ulceratue  leirons  are  found  both  in  the  skin  and  mucous  mem 
branes  In  both  cases  they  are  the  lesult  of  peiforation  of  lesions  from 
the  lymphatics  and  othei  underlying  strut tures  and  arc  probablv  ne^ei 
the  result  of  direct  infection  i  f  the  skin  or  mucosa  They  are  somewhat 
distinttne  of  a  slow  chiomc  t>[e  without  mueh  acute  inflammatory 
reaction  Their  edges  are  often  of  a  lluish  eolor  and  are  jverhanging 
Their  contents  is  of  a  gnuular  nature  and  the  opening  leads  to  the 
undeihmg  tiesuei  The  skin  ulcers  most  often  are  fo  nd  in  regions  rich 
in  superficial  lymphatics  such  as  the  groin  or  a\illa  and  the  ulecr'' 
generally  communicate  with  infected  and  broken  down  glands  In  on 
of  my  cases  two  ulcers  in  the  groin  hil  been  diagnosed  and  treate<l  as 
'  tropical  ulcer  Microscopic  examination  of  the  contents  of  the  les  on'' 
at  autopsj  showed  the  eggs  of  the  fluke  under  discussion 

The  ule-eis  ef  the  mueous  membrane  in  most  >fton  =!een  m  the 
bronchi  and  m  the  intestine  less  frequently  in  the  bile  duets  When 
they  are  m  the  bronchial  tubes  they  usually  communicate  with  hron 
ehiectatic  abscesses  and  the  primary  lesion  is  m  the  deeper  struitures 
as  has  already  l>een  desenbed 

In  the  intestine  also  the  pnmiry  lesion  is  m  the  deeper  lasers  and 
the  bicikmg  down  of  the  mucous  membnne  with  ulcer  formation  is  a 
secondary  result  I  have  not  often  been  able  to  find  i^g?  m  the  mucosa 
hut  the  deeper  structures  concerned  m  the  ulcer  may  have  manv  eggs 
and  sometimes  adult  paras  tea  This  is  n  markcfl  tcntiast  fo  the  ^ihib 
(o?o ma  infection  where  for  e\amjle  the  mucous  membrino  suffers  most 
actively  ind  the  e^gs  are  numerous   n  this  part  of  the  bowel 

The  intestinal  ulcera  are  usually  of  irregular  hafe  and  do  not  be^r 
a  definite  relation  to  the  mesenter  c  border  or  other  anatomical  struc 
tures  of  the  low  el  In  well  advanced  cases  they  mav  qu  te  closely  re 
semble  tuberculous  or  amcebic  ulceration  particularly  when  biimuth 
salts  have  been  adm  nistered  in  the  latter  cases  and  the  edges  of  the 
ulcers  have  been  darkened  b^  impregnation  with  these  chemicals    this 
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I  have  pointed  out  in  previous  papers  in  respect  to  tuberculosis  and 
amcebic  dysentery. 

Course  and  termination  of  the  lesion. — The  several  types  of  departure 
from  the  earliest  point  of  infection  have  been  described,  and  all  of  these 
may  he  found  in  a  case  of  extensive  infection  at  the  same  time.  The 
secondarily  infected,  or  mixed  lesions,  and  the  process  of  healing  which 
is  sometimes  seen  may  also  be  considered  here. 

Mixed  lesions. — These  probably  occur  quite  frequently  and  they  may 
he  of  several  kinds.  In  one  of  my  cases  many  of  the  abscessee  in  the 
liver  and  other  organs  contain  amffihas  and  Paragonimus  and  in  two  others 
the  intestinal  lesions  were  of  this  double  infection.  Tn  addition  to  this, 
bacteria  have  been  found,  and  while  this  subject  has  not  been  sufficiently 
investigated,  it  is  probable  that  this  type  of  mixed  infection  is  of  great 
importance.  In  ease  2,  which  apparently  pursued  a  very  rapid  course, 
numerous  bacteria  were  found  in  the  Paragonimus  lesions  and  in  one  other 
the  abscesses  of  the  prostate  were  more  of  a  pyeemic  nature  than  they  were 
of  a  parasitic  type,  although  the  trematodee  and  the  bacteria  were  present. 
It  would  seem  that  what  at  first  appeared  to  be  a  single  infection  and 
which  seemed  to  establish  for  the  parasites  the  capability  of  inaugurating 
an  acute  process,  probably  constituted  in  reality  a  double  one,  and  that 
the  evidences  of  the  more  acute  inflammatory  changes  were  due  to  the 
bacteria  present. 

Healing  to  the  extent  of  complete  disappearance  of  all  evidence  of  the 
former  infection  probably  does  not  take  place,  but  by  encapsulation  and 
other  connective-tissue  hyperplasia  the  lesions  may  become  inactive  so 
as  to  produce  no  further  disturbance.  I  have  several  times  seen  areas  of 
old,  bluish  .scar  tissue  which,  from  the  amount  of  contraction  present, 
probably  resulted  from  what  formerly  constituted  rather  extensive, 
Para-gonimus  lesions. 

D.    SPBCIAI.   GROSS   PATROIOQY. 

It  'ieems  ih  "able  at  this  point  ifter  diicussing  the  general  patho 
lofenal  anatomi  ind  the  lesions  of  this  infection  to  mtroduce  a  brief 
explanatory  resume  nf  the  pathological  finlmgs  which  are  shown  in 
Table  No  4 

The  conjunchmtta  noted  in  2  of  thp  8  caneB  wai  probably  not  due  to  the 
fluke  infection  In  one  of  th^ae  i  pirpful  micrcwopic  examination  waa  not 
maile  and  in  the  other  »>«eh  examination  did  not  ahow  o>a  Similar  types  of 
severe  conjunctivitis  largclj  of  the  Koch  Weeks  vinety  are  of  verv  frequent 
occurrence  among  the  prisoners  from  which  much  this  material  was  obtained 

Sinn  leftoas  eonaiating  of  ulceration  were  present  in  2  out  f  6  ot  the  fatal 
cases  TheBe  ulcerti  m  each  instance  communicated  with  diseased  lymphatics 
and  their  characteristica  have  already  been  gnen 

LymphaUca —Both  the  subcutaneoui  and  deeper  lymphatic  glands  suffered 
in  at  lea-it  5  out  of  7  of  the  ft  fatal  cases  Their  mvfUement  la  much  more 
e-xtensjve  and  important  than  ia  indicated  m  the  literature  of  the  subject  In 
51756 4 
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one  case  (PI  2  fig  2)  an  adult  parasite  v.ai  fo  md  m  vl  abdominal  gland 
All  t\pes  o£  lesions  are  uliprved  in  tip  glands  ind  in  some  whi,re  t)  ere  arK 
no  distinetue  abnormal  featurea  o\^  mai  occasionalh  be  found  The  lympl  atio 
diafurbance  is  usuallv  sn  extensile  aa  atrongly  tj  point  to  the  hmphatio  tjstem 
as  the  distributing  a^ent  of  the  disease  in  the  bod^ 

Jfwscies — Adult  P  weatermantx  were  found  in  the  pectoialis  majni  muscles 
m  2  of  the  S  cases  and  in  3  the  psoas  or  other  muscles  contained  absiesses 

PlewrtF — The  pleurie  «ere  infected  in  /  of  the  8  oases  and  in  most  of  them 
the  infection  was  rather  seiere  and  extensive  Both  hvdrothoras  and  extensile 
obliteratue  pleuritis  were  encountered 

Lungs — The  lungs  were  absolutely  free  from  Paragommus  infection  in  one 
of  the  8  oases  and  in  1  it  was  confined  to  the  lungs  and  pleurce  and  in  still 
■mother  the  pleurte  was  imohed  without  in\a8ion  of  tie  lungs  The  lung 
lesioni  c  naistmg  uf  pneumonii;  areas  abscess  formation  inflltratiun  of  tissue 
and   broncbiectatic  cavitiea    haie  already   been   described 

Pencot  di«i»  ^Pericarditis  with  eggs  of  the  Paraqonim  is  in  the  jiei  inrdiui 
was  present  in  4  of  the  8  cases 

Heart — Brown  coarse  and  friable  muscle  nis  present  3  times  and  Paia 
gommus  invohement  extending  a  short  distance  beneath  the  epicardium  «as 
encountered  in  the  same  cases 

'Abdomtnal  cavilil — The  tlsh  les  and  organs  <f  the  abiominal  oaiity  usuaHy 
suffer  severely  in  this  disease 

The  ometitvm  was  invohed  in  6  of  the  S  c  s  u  d  in  mt  t  of  these  the 
distribution  of  the  lesions  was  extensne 

rhronic  peritonitis  consisting  of  adhesions  betwetn  adherent  adjacent  oigina 
was  usually  a  marked  feature  The  serous  capsules  coienng  the  larious  organs 
also  seemed  to  suffer  extensively 

Diaph  aqm — Tl  is  organ  was  more  oi  less  invohed  in  tvery  case  and  in 
some  it  was  fairly  studded  with  lesions  In  one  instance  only  the  pleuial  surface 
on  the  left  side  was  miolved  and  in  another  rnh  the  abdominal  surface  slowed 
lesions 

Spleen — Paragommai  lesions  were  scattered  throughout  the  organ  m  one 
case  the  capsule  was  similarly  involved  in  two  more  and  in  one  there  was 
tuberculosis  of  the  organ 

Irtief  — There  were  changes  for  which  the  Paragontmtis  infection  was  at  least 
partially  responsible  m  6  of  the  8  cases  The  most  general  disturbance  was 
perihepatitis  with  abscesses  just  beneath  the  capsule  In  one  there  were 
multiple  abscesses  containing  both  annebte  and  ova  of  P  tresteimanvi  Theie 
were  abscesses  containing  eggs  in  Glissons  capsule  in  one  other  case  and  in 
2  more  there  was  some  cirrhosis  with  eggs  in  the  hypeiplastic  connective  tissue 

Fanereas — In  2  cases  there  were  Pataqantmu^  abscess  lesions  in  the  pancreas 

AppemJtjr —There  were  parasitic  lesions  of  the  appendix  in  4  eases  The 
meso  appendix  suffered  most  but  m  t  the  entire  organ  was  affected  and  m  2 
there  was  ulceration  of  the  mucosa 

Stomach  — This  organ  was  nit  iniohtd  in  an>  instanie  with  the  ixception  of  i 
few  ahesions  on  the  serous  surfaces  in  2  cases 

Small  tntestxne — There  was  infection  of  tl  is  orfian  in  G  of  the  8  cases 
In  3  the  infection  was  seiere  and  extended  the  full  length  of  the  gut  In  1 
only  the  duodenum  was  concerned  and  in  1  ot(  ers  onh  the  Irwer  porticn  was 
affected 

Large  mtesUne — This  crgan  was  affected  in  5  of  tl  8  cases  Tulereulosis 
was  present  in  one  instance  Aracebic  and  iaragot  m«!  ulceration  existed 
together  la  case  1  and  there  were  am<pbic  lesions  alone  in  another 
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Kidneys — The  kiclne>s  weie  included  in  the  infection  three  tiineB  the 
lesions  were  mo-itlj  oloael*  connected  with  the  lap^ute  but  in  2  there  were 
abscesse-j  of  the  pehis  and  m  1  the  ureterf  »ert  included  in  the  affection 

Vttnary    bladder  —  This   organ   had   Fotagowmva   abscesaes   m   the   walls   in 

Swoiunt — Ihe  epididymis  containpil  parasitic  lesions  in  3  instances  in  1 
tlie  infection  uttended  thnugh  the  inguinal  cami  to  the  abdominal  lymphatics 

Prostate  gland— Ihe  prO'*tate  was  imoliei  four  times  Tie  lesions  were  of 
the  abaeess  type  and  contained  o\a 

Brain  and  sptnal  cord — Ihese  organs  were  onh  examined  twice  In  one 
instance  there  were  Paru-QotMnivs  ksion>  of  the  roembnnes  of  the  brain  and 
eggs  were  found  in  the  choroid  pie\u^ 


Tlie  liteiature  bearing  upon  the  microscopic  studv  of  the  disease 
prmcipallv  consiat«  m  the  dewription  of  two  types  of  lesion — the  tubercle 
and  the  bluish  colored  necrotic  abscess 

The  older  literature  is  well  summarized  bv  Stiles  and  Haasall  smce 
that  summarj  was  compiled  some  crigmal  obstn ations  ha\e  been  made, 
particularly  by  Katsurada  I^ooss  hi'.  recentl\  gnen  another  brief  sum 
mary  in  Mease's  handbook 

I  shall  discuss  the  legions  under  the  same  classification  as  that  already 
used  m  descnbmg  the  gro&s  pithology  They  hive  certain  points  in 
common  In  all  the  stricth  pirasitic  tjpes  of  infection  there  is  the 
evidence  of  a  slowly  de\eloping  low  grade  of  chronic  inflammation  with 
constant  effort  at  repair  which  is  chiefly  manifested  in  the  oxtensnc 
proliferation  ot  the  connective  tissue  framework  the  new  tissue  being 
deposited  about  the  original  lesion,  gradually  en  caji  aula  ting  it  or  in 
some  other  manner  tending  to  prevent  its  further  spiead 

This  IS  made  most  manifest  m  the  fullj  developed  cystit,  absccis 
lesion,  where  the  limiting  wall  is  often  very  tinn  and  thick  In  other 
t\pes  it  IS  less  evident  and  in  some  of  the  lery  earh  infiltiatjon^  of  the 
loose  connectne  tissue  with  eggs  it  is  entirel)  absent 

Eggs  or  parasites  are  bj  no  means  constantly  present  m  any  variety  of 
the  lesions  In  the  earlier  forms  the  diagnosis  can  only  he  made  by  dis- 
coiermg  the  piesmce  of  these  bodies,  for  there  is  nothing  else  charac 
tenstic  about  the  lesions  The  older  ones  and  particularly  those  of  the 
abscess  variety  take  on  chirictenatics  which  'should  he  diagnostic  even 
m  the  absence  of  eggs  or  parasites  Again,  the  gieatest  variation  often 
eMsts  m  the  number  o£  eggs  or  pinsites  in  a  given  lesion,  sometimes, 
the  eggs  are  very  numeious  ami  on  the  other  hand  m  an  otherwise 
e-?acth  similar  lesion  they  may  be  ver^  scarce  Parasites  when  present 
may  range  from  one  to  many  More  than  100  adult  parasites  were  found 
m  a  psoas  ahscess 

The  noniuppuratiie  lesions  are  of  '(cveral  tvpot,  however  some  of 
these  are  but  later  stages  of  others,  but  there  are  certam  ones  which 
differ  in  formation  as  weU  as  m  their  entire  course 
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The  loose  connective  tissues,  particularly  in  the  subserous  coat  of  the 
bowel,  and  less  frequently  elsewhere,  may  sometimes  he  found  infiltrated 
with  eggs  without  any  decided  change  in  the  histology  of  the  tissues 
themselves  (PI.  X,  fig.  1) ;  however,  in  a  later  phase  of  this  condition 
two  chajiges  begin  to  take  place— a  proliferation  of  connective  tissue  and 
beginning  round  cell  infiltration.  As  the  connective  tissue  wall  developes 
in  quantity,  eggs  may  be  surrounded  by  it,  the  proliferated  cells  increase 
in  numbers  and  eventua:lly  the  next  stage  is  recognized — cirrhosis — or 
the  lesion  begins  to  break  down  and  an  abscess  is  formed.  The  early 
changes  above  referred  to  are  rarely  seen  in  the  liver,  but  the  second 
stage,  with  moderate  cirrhosis  by  increase,  particularly  in  the  larger 
hands  of  Glisson's  capsule,  was  present  in  one  of  my  cases.  After  aii 
examination  of  many  specimens  I  have  found  a  few  eggs  in  apparently 
nonprolif crating  ti^ue  of  the  liver. 

The  histology  of  broncho-pneumonia,  another  nonsuppurative  type 
of  lesion,  does  not  differ  materially  from  similar  lesions  due  to  other 
etiology.  The  exact  method  of  formation  is  difficult  to  explain,  but 
inasmnch  as  the  two  first  stages  of  infiltration  mentioned  above  are.  also 
seen  in  the  lung,  and  bearing  in  mind  the  part  played  by  the  lymphatics 
in  the  distribution  of  the  eggs,  it  would  seem  that  the  pneumonic  areas, 
at  least  in  part,  may  follow  some  of  the  other  lesions. 

Pneumonic  areas  sometimes  become  converted  into  the  abscess  type. 
The  amount  of  embolism  and  thrombosis  in  this  disease  is  exceedingly 
small.  Lesions  of  the  serous  surfaces  may  be  of  the  ordinary  type,  but 
often  they  have  certain  distinctions.  They  are  most  numerous  about  old 
adhesions,  which  may  or  may  not  be  of  Paragonimus  origin.  The  adher- 
ent surfaces  when  separated  are  rough,  raised,  often  of  a  brownish  color, 
and  contain  eggs ;  sometimes  these  lesions  break  down  and  abscesses  are 
formed.  The  histologic  picture  in  these  types  shows  a  fibrosis,  with  very 
moderate  round  cell  infiltration.  Here,  as  in  the  other  types  discussed 
above,  there  is  sometimes,  hut  not  often,  a  marked  eosinophilia  present. 

Tubercle-like  lesions,  particularly  those  very  much  like  miliary 
tubercles,  have  been  mentioned  by  several  writers,  Miura  states  that  they 
correspond  histologically  with  Virchow's  "fibrous  tubercles,"  the  centers 
containing  eggs  and  often  giant  cells.  These  lesions  have  been  consid- 
ered the  primary  ones  and  all  others  the  result  of  coalescence  and 
changes  in  the  tubercles. 

Although  lesions  closely  resembling  more  advanced  tuberculosis  are 
often  encountered  in  these  cases,  I  have  not  seen  the  type  of  miliary 
tubercle  except  in  one  case,  and  here  the  lesions  were  of  true  tuberculous 
origin.  To  judge  from  the  descriptions  of  some  of  the  cases  in  litera- 
ture, it  would  seem  that  mixed  infections  such  as  were  present  in  this  case 
had  been  described.  As  has  already  been  stated,  eggs  and  tubercle  bacilli 
have  been  found  together  in  more  advanced  types  of  lesions  and,  as  is 
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true  in  some  other  parasitic  diseases,  the  infection  seems  to  become  more 
active  in  an  already  established  lesion,  let  us  say  of  tuberculous  origin. 

Tlie  abscesses  are  the  characteristic  lesions  and  they  have  been  de- 
scribed in  almost  every  article  dealing  with  the  disease.  In  brief  they  con- 
sist of  three  zones,  the  central  one  made  up  of  necrotic  tissue,  degenerated 
cells  and  often  of  eggs  or  fragments  of  eggs  >  the  middle  coat  consists  of 
a  more  or  less  thick  and  dense  fibrous  capsule,  formed  o£  proliferated 
connective  tissue,  infiltrated  to  a  moderate  degree  with  round  cells  and 
sometimes  with  eggs.  Its  inner  wall  may  be  smooth  and  lined  with 
epithelial  cells,  but  it  is  often  granular.  The  outer  zone  is  one  of 
moderate  congestion,  with  proliferation  of  blood  vessels  and  it  is  contin- 
uous with  the  surrounding  tissues. 

However,  there  is  another  type  of  abscess  encountered  most  often  In 
organs  such  as  the  prostate,  epididymis,  and  the  lymphatic  glands,  which 
histologically  as  well  as  in  gross  appearance  more  closely  resembles  an 
ordinary  pyogenic  abscess,  and  were  it  not  for  the  presence  of  eggs  or 
parasites  such  would  surely  be  the  diagnosis  in  many  of  these  cases. 

Ulcerative  lesions  are  formed  by  the  breaking  through  .the  mucosa  or 
skin  of  any  of  the  types  already  discussed,  as  a  result  of  pressure,  necrosis, 
thrombosis,  or  otherwise.  This  most  often  happens  when  the  underlying 
lesion  is  an  abscess,  but  it  may  take  place  with  other  types.  In  the 
intestine,  the  striking  fact  about  these  lesions  is  the  usual  absence  of 
eggs  or  parasites  in  the  mucosa,  whereas  the  submucosa  and  deeper 
structures  often  contain  them  in  large  numbers  and  discharge  them 
through  the  opening  into  the  lumen  of  the  bowel.  This  relative  im- 
munity of  the  mucous  membranes  to  Paragonimus  infection  has  already 
been  mentioned,  and  it  is  in  striking  contrast  to  that  with  Schistosoma 
for  example,  where  the  mucosa  is  often  infiltrated  with  eggs. 

In  the  lungs  this  ulcerative  process  is  probably  the  mode  of  formation 
of  the  bronchiectatie  cavities.  This  is  more  probable  than  the  belief 
that  they  result  from  a  direct  attack  on  the  mucosa,  or  that  they  follow 
occlusion  of  a  bronchus.  In  either  case,  the  bronchial  wall  can  and 
sometimes  does  take  part  in  ihc  formation  of  the  abscess  wall,  but  this, 
as  has  been  emphasized  by  some  writers,  is  not  the  rule.  A  moderate 
peribronchitis  of  quite  general  distribution  in  the  smaller  tubes  is  quite 
common  in  extensive  lung  involvement,  but  is  more  the  result  of  the 
chronic  bronchitis  than  of  a  direct  influence  by  P.  westermanii. 

In  the  intestine,  just  as  in  the  lung,  the  deeper  structures  and  coats 
seem  to  be  primarily  involved,  and  the  infection  spreads  through  the 
subperitoneal  muscular  and  submucous  coats,  often  finding  an  outlet  by 
ulceration  of  the  mucosa.  Frequently,  however,  ulceration  does  not  take 
place  even  when  tumors  of  the  mucosa  are  pushed  into  the  lumen  of  the 
bowel.  Sections  of  one  of  this  variety  of  lesion  show  a  thickening  of 
the  connective-tissue  layers,  with  proliferation  of  the  fixed  cells  and 
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sometimeK  a  marked  eosinophilia.  Mixed  infection  in  any  type  of  lesion 
may  alter  its  histology  very  much,  this  alteration  depending  upon  the 
nature  of  the  secondary  invader. 

VIII.    SYMPTOMATOLOGY. 


The  rlmical  thservatioiis  upon  this  disease  have  been  largely  confined 
to  the  Bjinptoms  ot  the  pulmonary  and  cerebral  types  of  tliL  infection 
and  for  these  a  ^ummarj  of  the  literature  gi^t**  i  ^itisf ictor\  picture 
of  the  disease  as  I  have  seen  it  However,  a  ntudj  1 1  the  material  u[  on 
which  this  report  is  based  shows  the  diseaet  to  be  muuh  more  generally 
distnluted  in  the  body  than  former!;  it  has  been  recognized  to  be  and 
therefore  it  necessitates  a  more  comprehensive  elinical  pictuie  than  anj 
which  has  previouelj  betn  gnen  However,  before  taking  up  a  u)n 
EideratiDn  ot  these  special  types  more  in  detail,  it  is  netes^arj  to  dibcuus 
the  general  type  of  the  disease  m  regard  to  its  atutenets  Heretofore 
it  has  been  considered  is  being  almost  wholly  a  rhtomc  infection,  lut 
scmt  ot  mj  eases  have  shown  a  most  acute  and  rapid  course 

401.  TE  AND  CHRONIC  i-iiOCESSES — It  IS  probably  a  fact  that  the  true 
and  uncimphcited  Parigvnimvs  diseaw  ]&  ilwajs  a  chronic  one  and 
thit  the  more  leute  }.iocesset.  aie  the  result  of  some  l  once  mi  taut  mfee 
ton  or  complication  Ihit,  ha?  alreiJj  been  pointed  out  a^  probably 
accounting  for  the  rapid  ciurse  cf  some  of  m^  eases  and  it  ib  a  conditicn 
which  needs  more  stud^  based  upon  a  larger  material  However  it  i'* 
1  fact  that  wc  must  consider  from  a  clinical  standpoint  at  least  some  of 
these  case?  as  acute  ind  while  this  condition  abviousU  would  be  more 
]ikel>  to  occur  m  a  general  infection,  it  surelv  mai  take  place  and  in 
fluuice  the  ccurse  and  ffrinination  m  some  of  the  more  restncteil  types 

B    CLIMCAI    TYPES 

\ftcr  a  careful  study  ot  the  literature  and  of  m^  own  material,  as 
well  as  I  have  had  opportunit\  ta  do  so  it  seems  advisable  Id  consider 
the  svinj-timatologv  under  the  following  arbttranj  ihrncil  clas^ihration 

(o|   (  eneralized.  paragoiiimia*iiR 

16)   Thoracic  paragommia*ii*" 

Ic)   Abdirnmal  paragon miasi* 

id)   Lerebral  paragon i n  lahi^ 

(ft)  Generalizisd  paragonimiasis. — A  full  consideration  of  the  gen- 
eral infection  would  produce  a  composite  picture  of  the  other  more  local 
varieties,  which  I  have  already  given  in  the  classification  and  therefore, 
in  order  to  avoid  repetition,  only  those  points  in  the  clinical  symptoms 
which  are  not  directly  covered  in  the  discussion  of  the  other  clinical 
types  will  be  noticed  here.  Some  of  the  most  interesting  of  these  symp- 
toms are  produced  by  involvement  of  the  superficial  lymphatics  and  the 
skin.     Enlarged  lymph  glands  are  quite  common  among  the  people  of 
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this  country,  and  cases  o£  so-called  "glandular  fever"  and  of  "climatic 
bubo"  are  not  uncommon;  some  of  these,  as  well  as  certain  of  the  so- 
calk'd  "tropical  ulcers,"  may  have  their  etiology  in  treinatode  infections. 
The  symptoms  produced  by  glands  infected  with  treinatodes  are  not  dif- 
ferent from  those  of  similar  lesions  of  other  etiology,  and  an  exploratory 
incision  may  or  may  not  reveal  the  presence  of  eggs. 

The  skin  ulcerations  liave  nothing  characteristic.  They  are  probably 
secondary  to  the  infected  lymphatics  beneath.  I  found  eggs  in  the  con- 
tents of  the  ulcers  in  two  of  my  cases,  and  the  older  and  more  advanced 
ulcers  have  a  slate-colored,  overhanging  margin.  The  lack  of  evidence 
of  acute  inflammation  about  such  ulcers  is  important. 

One  of  my  fatal  eases,  while  in  the  hospital,  complained  of  muscular 
rheumatic  pains,  and  similar  symptoms  have  been  pointed  out  by  other 
writers;  this  is  at  least  partially  explained  by  the  distribution  of  the 
lesions,  parasites  and  eggs  in  the  muscular  tissue. 

Fever,  which  has  not  previously  been  considered  an  important  symp- 
tom in  tiiese  cases,  was  high  in  4  out  of  9  of  mine  and  it  probably  will 
be  found  to  be  a  somewhat  constant  symptom  in  extensive  infections 
and  in  mixed  ones  which  run  a  rapid  course. 

{&)  Thoracic  or  ttilmonaky  paragonimiasis. — According  to  the 
literature  this  is  by  far  the  most  frequent  type  of  the  disease  and  loca- 
tions of  the  infection  other  than  in  the  thoracic  cavity  are  considered  to 
be  secondary  to  this  primary  focus. 

In  two  of  my  fatal  cases  and  in  two  more  of  the  clinical  ones,  the 
lungs  were  not  involved  and  in  several  others  the  older  and  more  severe 
lesions  were  surely  present  in  the  other  organs.  The  pleurse,  diaphragm 
and  other  chest  structures  are  so  commonly,  indeed  almost  constantly, 
involved  with  the  lungs  that  thoracic  paragonimiasis  seems  to  be  the  more 
satisfactory  term  for  this  class  of  infection. 

The  most  prominent  symptoms  ascribed  to  this  type  comprise :  Pains 
in  the  chest;  cough  with  occasional  small  hsemorrhages,  the  sputum 
containing  eggs  and  according  to  Taylor  and  others  sometimes  an  adult 
parasite.  The  physical  signs  are  usually  considered  as  being  slight. 
Cough  is  a  prominent  symptom  in  most  of  these  cases,  but  in  one  of 
mine  it  was  so  slight  as  to  attract  but  little  notice.  Tiie  nature  of  the 
cough  is  as  variable  as  that  observed  in  tuberculosis,  and  the  character 
and  appearance  of  the  sputum  has  an  equally  wide  divergence;  both 
depending  largely  upon  the  stage  or  nature  of  the  underlying  patho- 
logical change  and  the  amount  of  lung  tissue  involved,  together  with 
the  condition  of  the  pleurfe  and  heart  membranes,  this  condition  depend- 
ing upon  the  presence  or  absence  of  fluid,  adhesions,  etc.  I  have  also 
convinced  myself  that  the  finding  of  eggs  in  the  sputum  in  the  average 
case  requires  more  time  and  care  than  is  usually  supposed  to  be  the  case. 
Indeed,  in  one  instance  eggs  were  not  found  after  several  careful  ex- 
aminations made  for  this  specific  purpose,  and  yet  at  autopsy  the  lungs 
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and  pleurse  were  found  to  be  involved.  The  number  of  eggs  in  the 
sputum  depends  upon  the  extent  and  particularly  upon  the  character 
of  the  leeions.  Just  as  is  the  case  in  tuberculosis,  it  is  obvious  that 
more  of  the  eggs  will  be  discharged  from  bronchiectatic  cavities  than 
from  the  equally  important  pneumonic  areas  With  this  in  view  it 
seems  hardly  likely  that  early  diagnoses  are  ptobable  in  this  disease, 
and  the  need  of  repeated  and  careful  search  for  eggs  m  the  sputum  of 
suspected  cases  is  also  emphasized.  Usemoptjsis  has  not  been  a  constant 
symptom  in  my  cases,  at  least  while  the)  were  under  observatjon,  but  in 
one  instance  it  was  repeated  and  quite  severe.  In  a  country  where 
tuberculosis  is  so  very  general,  hiemoptysis  would  call  attention  to  the 
disease  under  discussion  pnly  in  the  absence  of  other  tubercular  symp- 
toms, Charcot-Leyden  crystals  are  at  times  quite  numerous  in  the 
sputum  or  again  may  not  be  observed  at  all.  Other  types  of  crystals, 
such  as  those  of  creatinin  are  also  sometimes  present.  When  the  pleu- 
rse are  extensively  involved,  with  but  slight  or  no  extension  of  the  disease 
into  the  lungs,  the  chances  of  finding  eggs  in  the  sputum  will  he  very 
small  and  the  diagnosis  will  then  have  to  bo  made  largely  from  physical 
signs.  The  fluid  from  a  Paragonimus  empyema  contains  very  few  eggs 
and  therefore,  when  this  is  the  case,  aspiration  of  the  pleural  cavities 
would  often  fail  in  furnishing  a  diagnosis. 

In  two  cases  under  my  observation  which  had  pericarditis,  the  mani- 
festations were  similar  to  those  encountered  where  this  disease  is  of  other 
etiology. 

The  physical  signs  in  thoracic  paragonimiasis  have  a  greater  importance 
than  is  usually  ascribed  to  them.  Bronchopneumonia,  empyema,  hydro- 
thorax,  etc.,  due  to  this  infection  show  the  same  accurate  physical  signs  as 
they  do  in  the  similar  conditions  produced  by  other  causes.  In  one  clin- 
ical case  the  presence  of  an  empyema  with  pericarditis  led  to  a  careful 
examination  of  the  sputum,  and  this  determined  the  diagnosis.  It  must 
not  be  forgotten  that,  particularly  in  Manila,  tuberculosis  will  be  found 
associated  with  Paragoninhus. 

(c)  Abdominal  pahagonimiasis. — This  term  is  used  by  me  to  include 
the  infection  of  any  or  all  of  the  abdominal  organs. 

The  abdominal  infection  is  usually  a  rather  extensive  one  and  will 
hardly  admit  of  a  positive  diagnosis  without  an  exploratory  operation 
or  the  finding  of  the  eggs  in  the  fieees.  Eggs  are  probably  only  found 
in  the  fasces  in  the  presence  of  ulcerative  lesions  in  the  bowel.  In  the 
several  cases  which  I  have  had  the  opportunity  of  studying  there  was 
abdominal  pain,  mostly  of  a  dull,  aching  character;  in  such  instances 
the  abdominal  walls  may  be  rather  hard  and  may  show  some  tenderness 
on  pressure.  In  areas  where  the  infection  is  endemic,  hypertrophy  of 
the  prostate,  cirrhosis  of  the  liver,  chronic  epididymitis  or  lymphadenitis 
of  doubtful  etiology,  should  always  lead  to  a  careful  study  in  which 
fluke  infections  are  taken  into  consideration.     If  there  is  ulceration  of 
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the  intestinal  mucosa,  the  eggs  may  be  found  in  the  fseces  and  there  may 
or  may  not  be  diairhcea.  Thie  fluke  may  possible  at  times  be  the 
etiologic  factor  in  chronic  appendicitis,  but  the  infection  will  hardly  be 
found  confined  to  this  organ. 

(d)  Cerebrai.  PAE4G0NIMIA9I9.— This  important  type  of  paragonlmus 
infection  was  first  recognized  by  Otoni  and  Inouye  and  since  that  time 
has  received  considerable  discussion,  particularly  in  its  relation  to 
Jacksonian  epilepsy,  of  which  it  is  one  of  the  causes.  Other  prominent 
nervous  symptoms  consist  in  various  forms  of  neuritis  and  even  paralyses 
have  been  observed  in  this  infection.  Unfortunately,  the  brain  and  cord 
were  removed  in  only  two  of  my  cases — in  one  because  epilepsy  was  a 
prominent  symptom  during  the  short  time  the  patient  was  under  ob- 
servation. 

C.    PARAGONIMIASIS   «!■'    THE   LOl 


P.  wesiermanii  is  known  to  infect  the  tiger,  cat,  dog  and  hog,  but  as 
has  been  poijited  out  by  Stiles  and  Ilassall,  very  little  is  known  of  the 
symptomatology  and  pathology  of  the  disease  in  these  animals.  Since 
the  discovery  about  one  year  ago  of  the  first  case  of  this  infection  in  man 
in  the  Philippine  Islands,  the  following  animals  have  been  carefully 
esamined  for  fluke  infection: 

Thirty-two  cats  with  1  positive  result  for  F.  westermanU  and  in  17  othera 
O.  felineus  was  encountered;  23  dogs  with  no  case  of  infection  with  P.  wester- 
mcaiii;  10  rats  and  mice  with  no  caee  of  fluke  infection  of  any  kind. 

Paragonimiasis  of  the  cat. — The  case  of  one  animal  in  which  this 
infection  was  encountered  in  the  Philippines  is  interesting.  The  animal 
was  purchased  from  a  native  and  was  placed  in  a  large  cage  with  several 
others  and  left  for  about  one  week.  When  received  it  was  rather  thin, 
but  otherwise  apparently  healthy.  At  the  end  of  a  week  it  was  brought 
to  me  by  the  animal  care-taker  in  a  dying  condition.  Emaciation  was 
marked,  food  was  refused,  there  was  diarrhcea  and  partial  paralysis  of 
tlie  hind  quarters.  The  animal  was  chloroformed  and  autopsy  performed 
at  once.  Paragonimn^  lesions  with  eggs  and  parasites  were  found  in  the 
lungs,  intestines  and  omentum.  The  lesions  were  not  extensive  and 
both  these  and  the  parasites  were  apparently  identical  with  those  found 
in  man. 

iX.    DIAGNOSIS. 

A  direct,  positive  diagnosis  of  paragonimiasis  can  only  be  made  by 
the  finding  of  parasites  or  eggs.  Under  favorable  conditions  the  eggs 
may  be  encountered  in  the  sputum,  fieces,  scraping  from  ulcere,  and  in 
fluids  and  tissues  removed  by  operation. 

The  sputum  should  be  examined  as  a  cover-glass  preparation  of  a 
fresh  specimen  and,  in  suspected  cases,  the  examinations  should  be  fre- 
quently and  carefully  made  during  considerable  periods  of  time.  The 
eggs  are  easily  recognized  under  the  lower  powers  of  the  microscope; 
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their  outlines  may  be  made  sharper  and  clearer  and  the  opereuhim  may 
be  rendered  more  distinct  by  adding  a  small  quantity  of  dilute  sulphuric 
acid  to  the  specimen,  or  by  running  a  drop  or  two  of  a  0,1  per  cent 
solution  under  the  cover  glass.  The  ordinary  munipulations  used  in  pre- 
paring a  specimen  of  sputum  for  examination  for  tubercle  bacilli  either 
destroy  the  eggs  or  reduce  them  to  an  unrecognizable  condition.  Once, 
in  examining  a  slide  for  tubercle  bacilli,  peculiar  appearing  bodies  were 
noticed,  which  led  to  the  examination  of  a  fresh  specimen  and  to  the 
recognition  of  a  case  of  paragonimiasis  which  had  previously  been  unsus- 
pected. This  patient  also  had  tubercle  baeilli  in  his  sputum.  While  in 
several  conditions  Charcot-Leyden  crystals  are  found  in  the  sputum,  they 
are  in  this  disease  more  numerous  and  constant  than  the  eggs  of  tlie 
parasite,  and  when  seen  in  considerable  numbers  in  a  sputum  from  a 
patient  in  regions  where  the  infection  is  endemic,  their  presence  should 
lead  to  a  closer  investigation  for  Paragonimus  disease.  In  the  Philip- 
pine Islands,  and  other  endemic  zones,  examinations  of  fresh  specimens 
of  sput&m  should  be  as  much  A  part  of  routine  as  is  the  examination  of 
stained  ones, 

FcEces. — Several  times  duirng  the  past  year  the  presence  of  Paragoni- 
mus infection  has  been  discovered  by  finding  the  eggs  in  the  faeces.  In 
one  case  the  diagnosis  was  confirmed  by  an  autopsy.  In  two  of  these 
instances  no  eggs  could  be  discovered  in  the  sputum.  Only  a  simple 
cover-glass  preparation  is  needed  for  the  examination  of  the  faeces  and 
the  eggs  are  most  quickly  located  with  an  AA  objective  and  a  number 
4  occular.  The  eggs  are  less  numerous  in  the  faeces  than  they  are  in  the 
sputum,  and  they  usually  arc  found  only  after  persistent  search. 

The  primary  lesions  in  the  intestine  are  usually  in  the  deeper  layers 
and  the  eggs  probably  do  not  appear  in  the  fseces  unless  there  are  ulcera- 
tions of  the  mucosa;  this  fact  has  been  pointed  out  in  the  discussion  of 
tlie  pathology  of  this  disease, 

Uicer^,— Ulceration  of  the  skin  of  a  chronic  type  leading  into  deeper 
tissues  -should  indicate  careful  examination  of  the  scrapings  for  eggs  of 
P.  westermanii. 

Fluids  and  tissues  removed  by  surgical  operation  in  obscure  cases 
should  be  carefully  scrutinized  for  eggs  and  parasites  in  zones  where  the 
disease  is  endemic.  This  is  particularly  true  in  operations  which  require 
the  opening  of  the  abdominal  or  pleural  cavities. 

In  exploratory,  diagnostic  operations  in  the  Philippine  Islands,  par- 
ticularly upon  the  chest,  abdomen,  liver,  scrotum  or  prostate,  fluke  infec- 
tions should  be  kept  in  mind.  The  difficulty  of  distinguishing  the  egg 
of  P.  wBstermanii  from  some  of  the  other  fluke  eggs  has  already  been 
noticed  in  another  part  of  this  paper  and  need  oot  be  repeated  here. 

While,  as  stated  above,  positive  diagnosis  can  only  rarely  be  made  in  the 
living  subject  except  by  finding  parasites  or  eggs,  there  are  several  subjec- 
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tivo  symptoms  and  physical  signs  wliich  furnish  strong  supporting  data. 
Of  these  the  following,  occmring  singly  or  together,  may  be  noticed :  Un- 
explained epilepsy  or  other  evidence  of  localized  brain  lesions;  cough 
with  occasional  small  amounts  of  hlood,  particularly  with  but  slight  or 
no  constitutional  disturbance  and  with  broncho  pneumonia  and  empyema. 
Evidences  of  chronic  peritonitis,  enlarged  prostata,  epididymitis,  or 
cirrhosis  of  the  liver,  and  chronic  skin  ulceration  with  enlargement  of 
the  lymphatic  glands. 

Owing  to  the  slow  progress  of  the  disease  in  many  cases  and  to  the 
probable  late  appearance  of  ova  in  the  excreta,  many  of  these  infections 
will  continue  first  to  be  diagnosed  at  autopsy,  until  other  accurate  diag- 
nostic data  are  available. 

X.    COURSE,   DURATION    AND   PROGNOSIS. 

The  course  is  usually  chronic,  the  disease  lasting  for  years;  however 
in  some  cases,  and  particularly  in  mixed  infections,  it  may  be  acute, 
and  death  may  result  in  a  few  days  from  the  time  the  symptoms  are  first 
noticed.  Several  writers  have  stated  that  patients  may  live  for  fifteen 
or  even  twenty  years. 

The  prognosis,  if  the  patient  remains  in  the  region  where  the  infection 
is  endemic,  is  usually  bad  as  to  recovery,  although  several  writers  say 
that  this  may  take  place.  After  a  study  of  the  pathology  of  the  disease, 
this  statement  seems  difficult  to  believe.  Evidence  is  sometimes  found 
indicating  that  there  may  be  an  arrest  of  the  progress  of  the  disease, 
and  were  this  to  occur  in  the  early  stages  of  the  infection,  the  patient 
might  remain  in  good  condition  for  many  years.  However,  with  the 
usual  types  of  the  disease  it  is  doubtful  if  complete  healing  of  the 
pathologic  process  ever  takes  place. 

Death  probably  most  often  is  caused  by  intercurrent  diseases,  but  in 
at  least  two  of  my  fatal  cases  no  evidence  of  such  a  condition  was  found 
at  autopsy. 

XI.    COMPLICAl'IONS. 

While  it  is  probable  that  a  great  variety  of  diseases  may  be  found 
associated  with  paragonimiasis  and  while  other  diseases  often  develop 
during  the  course  of  this  infection  and  hasten  its  outcome,  there  are  but 
two  which,  because  of  their  special  importance,  will  be  noticed  here. 
These  are  tuberculosis  and  amcebiasis. 

Tuberculosis,  either  local  or  general,  may  complicate  either  a  local  or 
more  general  distribution  of  the  parasitic  disease.  The  two  diseases 
existed  together  in  3  of  my  8  fatal  eases  and  such  a  combination  has  in 
addition  been  found  3  times  clinically.  There  are  several  reasons  why 
this  particular  complication  should  receive  close  attention.  The  symp- 
tomatology of  the  two  diseases  is  often  very  similar.     The  lesions  are 
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sometimea  rather  difficult  to  distinguish,  and  the  two  infections  may  be 
found  eo-existent  in  the  same  lesion. 

Ammbiasis  complicated  3  of  my  fatal  cases,  and  the  two  diseases  have 
been  found  together  twice  clinically.  The  association  is  particularly 
interesting  in  case  1,  where  both  etiologic  agents  were  found  together 
in  the  multiple  abscesses  of  the  liver  and  in  lesions  in  several  other 
parts  of  the  body. 

It  IB  probable  that  in  intestinal  paragonimiasis  eggs  would  more  readily 
be  found  in  a  bowel  already  ulcerated  by  amcebse.  The  symptom- 
atology of  the  two  diseases,  when  the  abdominal  organs  are  particularly 
involved  by  the  PoA-agonvm'US,  may  be  very  similar  and  the  double  in- 
fection easily  overlooked. 

XII.    PEOPIIYLAXIS. 

As  has  been  pointed  out  by  Stiles  and  Hassall,  Looss  and  many  other 
writers,  no  satisfactory  prophylaxis  against  this  disease  can  be  estab- 
lished until  the  life  cycle  of  the  parasite  has  been  elucidated.  General 
hygienic  usages  are  recommended  by  most  authors,  these  measures,  for 
example,  being  the  use*  of  cooked  food  and  sterilized  water  and  the 
disinfection  of  the  sputa  of  infected  hosts.  In  addition  to  the  lack  of 
knowledge  of  the  complete  life  cycle  of  the  parasite,  successful  prophy- 
laxis is  further  inhibited  by  an  ignorance  of  the  complete  list  of  the 
hosts  of  the  adult  fluke  in  zones  where  the  parasite  is  endemic  and  its 
prevalence  in  these  different  species  of  animals. 

Practically  all  writers  have  assumed  that  the  infection  takes  place 
through  the  gastro-intestinai  canal,  and  this  is  probably  true,  but  it 
seems  that  the  question  of  possible  infection  through  the  skin  should 
also  receive  careful  consideration.  The  frequent,  extensive  involvement 
of  the  lymphatics  and  the  role  played  by  this  system  in  the  distribution 
of  the  infection  in  the  body  of  the  animal  host  make  it  very  important 
that  skin  infection  be  excluded  in  considering  the  manner  of  entrance 
of  the  parasite.  The  probable  similarity  between  the  life  cycle  of  this 
fluke  and  that  of  some  others  with  known  life  histories,  adds  another 
good  reason  for  forbidding  the  use  of  uncooked  food,  particularly  vege- 
tables and  water,  in  countries  where  the  disease  is  endemic.  For  similar 
reasons  it  seems  justifiable  particularly  to  warn  against  the  consump- 
tion of  uncooked  fish,  clams,  crabs,  oysters  and  other  shellfish  obtained 
from  local  waters.  From  data  brought  out  in  this  report  it  seems  wise 
to  recommend  not  only  the  destruction  of  the  sputum  of  infected  human 
hosts,  but  an  equally  careful  disposition  of  the  fEcecs  and,  in  cases 
where  ulceration  of  the  skin  exists,  careful  disinfection  or  destruction  of 
the  dressings  should  be  a  routine  procedure.  Finally,  it  seems  that  the 
spread  of  the  disease  might  be  somewhat  limited  by  the  destruction  of 
as  many  of  the  lower  animal  hosts  as  can  be  discovered.     In  this  codntry 
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cats,  doge  and  pigs  are  very  numerous;  they  enjoy  unusually  close  rela- 
tions witb  members  of  the  community,  and  in  the  absence  of  a  satis- 
factory means  of  the  disposal  of  their  excreta  these  must  always  prove 
8  menace  in  infecting  the  probable  harborers  of  the  other  phases  of  the 
life  cycle  of  the  parasite. 

Xill.   TREATMENT. 

N"o  form  of  treatment  so  far  established  is  specific  against  the  infec- 
tion. Many  different  types  of  therapeutics  have  been  used  and  some  of 
them,  such  as  inhalations  of  antiseptic  substances  for  the  pulmonary 
type,  have  been  thought  to  benefit  the  patient. 

Taylor  recommends  rest  in  bed  during  times  where  there  is  hfemoptysis 
or  when  the  cough  is  very  severe. 

A  general,  tonic  treatment,  consisting  both  of  good  hygienic  measures 
and  drugs,  is  recommended  by  all  observers  and  a  change  of  climate 
to  Doninfected  regions  urged  by  some. 

In  one  of  my  cases  the  cough  disappeared  and  the  general  condition 
of  the  patient  improved  very  much  under  large  doses  of  potassium 
iodide. 
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Die  Parasiten  des  Menachen  tind  die  von  ihnen   herrilhrenden  Krankb^iten 
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Ueber  daa  Vorkommen  von  Distoma  a-eatermanii  in  den  Veveigten   Staateii ; 
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ILLUSTRATIONS. 


ATE  I    Hejit  iliowmg  adult  parasite   (at  a]    and  t!ie  raised  bro«riili  toloied 
aieaf  infiltrated  with  eggs  described  in  the  text 
II    Iig    1    Lung  shoMing  pneumonic  area«    one  parh    absceS'   lesion    sec 
tion  of  adult  pirasite   in   a  broneli  is   and   another   in   a   pneumonic 

Fig    2    lynipliatie  gland    slioning   neeicitir   lesion    from   rtbich   adult 
parasite  iias  lemOied 

III  \dult   1'    v,eslerma}tii    allowing   subterminal   oial    -tutkei     ncttabulum 

genital  pore   e\oretorv  pore  and  intcstinol  ceeci 

IV  Fig   1   b,gg  of  P  treatermanii   showing  cellular  contents     operculum  not 

in  good  focus 
tig   2   Flesh  smear  horn  Faiag<inimus  abscLas  of  spleen    showing  eggs 
\     figs    1  1   and  Plate  VI    iigs    I  9    lepresent  18  selected  specimens  from 
serial    sections   of   the   adult   parasite   cut   longitudinally      Sections 
of  all  the  important  stiuetures  maj  be  seen  in  these  figures 
VII    figs    1-1    and  Plate  VIJI    figs    1-9    are  similar  to  Plates  V  and  VI 
except  that  in  the  foimer  the  sections  aie  cut  tians^eraelj 
IX    liig    1    From  the  subserous  coat  of   the  intestine    showing  numerous 
eggs     otherwise  but  slight  change  in  the  tissues      X  3^ 
tig    2     brom   intestinal    wall     tistue   containing   eggs     with    cellulai 
infiltialion      X  15 
X    Iig    1    ]<rom  the  intestinal  wall    showing  connective  tissue  hvperplasm 
cellular  infiltration  and  necrosis  with  raan^  eggs 
I  ig    2    Tipical    small   necrotic  lesion   remo\ed  fiom   hnipliatu,  gland 
X  4« 
XI     Jigh    1  and  2    B  tli  figuies  sho  \   stituns  thicugli  lii(,f   ihsee  s  lesiins 
c  ntaining  adult  paiisites 
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A  Compead  of  Qenito-tlrliiary  Diseases  and  Syphilis,  Inolndinf  Their  anrKcry 

and  Treatment.  By  Charles  S.  HirBch,  M.  D.  Cloth;  70  illustrationa  in 
the  text;  1  plate.  Pp.,xyi  +  35l.  Price,  $1.00.  Philadelphia:  P.  Blakiston's 
Son  &  Co,,  1906. 

The  abortive  treatment  of  gonorrhoea  is  given  a  place  in  this  book, 
though  it  does  not  enter  into  the  modern  treatment  of  the  disease. 

The  metric  sjstm  is  not  used,  nor  are  the  metric  equivalents  of  the 
apothecaries'  weights  and  measures,  which  latter  are  used  throughout, 
given.  It  is  much  to  be  desired  that  all  American  text-books  on  scien- 
tific subjects  either  bo  printed  in  the  metric  system  or  give  metric 
equivalents  for  other  terms  used. 

In  the  treatment  of  the  seminal  duct  and  vesicle  no  mention  of 
the  very  valuable  treatment  of  chronic  affections  of  these  organs  by 
irrigation  and  drainage  of  the  seminal  ducts  and  vesicles  through  the 
vas  deferens  is  made,  although  Belfield's  first  paper  on  this  subject  was 
published  in  the  Journal  of  th^  American  Medical  Association  in  April, 
1905. 

In  the  article  on  circumcision  silk  sutures  are  recommended.  Silk, 
as  either  a  suture  or  ligature  material,  has  scarcely  any  place  in  modem 
surgery  and  especially  not  in  operations  upon  parts  of  the  body  much 
exposed  to  contamination  by  the  excretions. 

Under  the  treatment  of  the  infection  of  the  bladder,  vesical  amtebiasis 
is  not  mentioned. 

The  statement  tiiat  suprapubic  cystotomy  is  eontraindicated  in  children 
is  contrary  to  the  best  modem  surgical  practice.  The  suprapubic  method 
is  preferred  by  surgeons  to  the  perineal  operation  in  children,  especially 
young  children,  if  the. calculus  is  too  small  or  too  hard  to  be  easily 
removed  by  crushing.  The  article  on  suprapubic  cystotomy  tells  us 
that  the  bladder  must  be  tightly  putured  about  the  drainage  tube  for 
fear  of  infecting  the  prevesical  space  by  the  escaping  urine.  This  is 
not  necessary.  There  need  be  no  fear  of  infection  of  the  prevesical 
space  so  long  as  there  is  free  drainage. 

We  are  told  that  a  floating  kidney  may  be  retained  in  position  by  a 
pad  placed  over  the  oecum.     Assuming  that  this  treatment  is  intended 
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for  the  right  kidney  we  are  left  in  the  dark  as  to  where  the  pad  is  to  be 
placed  in  case  the  left  kidney  be  displaced. 

The  tahle  of  differential  diagnosis  between  epithelioma  and  chancre 
states  that  the  microscopical  examination  of  the  latter  is  negative,  yet 
we  are  told  in  the  foregoing  that  the  Spirochaeta  pallida  is  the  most  prob- 
able infecting  agent  causing  the  manifestations  termed  syphylis  and  that 
it  may  be  demonstrated  in  the  initial  lesion  of  the  disease. 

The  intramuscular  injection  of  mercury  as  a  means  of  treatment  in 
syphilis  is  not  given  as  much  prominence  as  its  increasing  popularity 
among  syphilographere  would  seems  to  warrant.  Bichloride  of  mercury 
is  givaidrst  place.  It  is  well  known  that  this  is  the  most  irritating  of 
all  saltfl  of  mercury  when  so  naed. 

The  book  contains  about  150  typographical  errors.  An  example  of 
some  of  the  most  glaring  is  the  use  of  the  term  "nephrectomy" .  for 
"nephrotomy"  under  "Cysts  of  the  kidney,"  page  193. 

We  never  approved  of  medical  conipends.  They  must  necessarily 
omit  much  that  is  essential  and  caji  not  take  the  place  of  more  thorough 
reading  when  they  fall  into  the  hands  of  students,  as  they  usually  do. 
When  carelessly  printed  they  are  a  real  evil. 

F.  W.  D. 


A  Compend  of  Materia  Medioa,  Therapeutics  and  Prescription  Writing,  with 
Especial  Reference  to  the  Physiological  Action  of  Drugs,  Based  on  the 
eighth  THvision  of  the  United  States  Phamacopceia.  By  Samuel  O.  L.  Potter, 
M,  D.,  M.  R.  C,  P.,  Lond.  Seventh  edition,  revised  and  enlarged.  Cloth.  Pp., 
xii  +  292.     Philadelphia:  P.  Blakiston's  Son  &  Co.,  1906. 

The  book  fulfills  the  objects  of  a  quiz-compend  in  that  a  large  amount 
of  information  is  presented  in  a.  systematised  and  greatly  condensed 
form.  Discussions  are  avoided,  and  the  style  is  one  of  short,  dogmatic 
assertion,  which  is  possibly  more  suitable  for  a  student  cramming  for 
examination  and  memorizing  automatically.  It  is  difficult  to  share  the 
optimism  evidenced  by  the  author  as  to  the  therapeutic  value  of  certain 
drugs,  and  greater  discrimination  in  this  regard  would  Increase  the 
accuracy  of  the  book.  Thus,  the  thyroid  gland  or  its  extract  is  described 
as  specific  against  psoriasis,  obesity  and  certain  forms  of  insanity;  anti- 
diphtheric  serum  is  noted  to  have  benefited  typhoid  fever,  pertussis  and 
asthma. 

The  printing  and  binding  conform  to  the  rest  of  the  series.  The 
dosage  is  given  according  to  apothecaries'  measure,  without  metric 
equivalents. 

H.  T.  M. 
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The  American  Illustrated  Medical  Dictionary  A  new  and  complete  dictionaiy 
of  the  terms  used  in  niedieme,  surgery,  dentistry  phamiHcy,  cliemiatry  and 
the  kindred  branchta,  with  their  pronimeiatioii,  deiivation,  .and  definition, 
intlildiiig  niuoli  cnllaterai  information  of  an  encyclopedic  character  Fourth 
edition,  reviipd  and  enlaiged  Limp  morocco  Pp ,  83G,  la  illustrations 
in  the  text  and  29  plates,  28  of  wliioli  are  colored  Price,  ft4  50  Philadel 
phia  and  London    W   B  Saunders  Company,  1906 

The  present  revised  edition  of  this  work  is,  like  its  predecessors, 
thoroughly  up  to  date.  It  furnishes  to  the  student  in  portable  form  just 
what  he  needs  and  saves  the  busy  practitioner  much  valuable  time.  So 
far  as  we  have  been  able  to  ascertain  all  the  new  terms  have  been  included 
and  the  semi-encyelopaMlic  cbaractei  of  the  work  combined  with  its  com- 
pactness leaves  little  to  be  desired  The  author's  wide  experience  both 
as  teacher  and  physician  has  enabled  him  to  appreciate  what  is  inost 
needed,  and  with  infinite  labor  he  has  condensed  the  information  usually 
only  available  in  an  encyclopedia  of  medicine  into  836  octavo  pages. 
The  tables  and  illustrations  are  such  as  are  of  practical  value,  and  printing 
and  binding  are  in  accordance  with  the  general  excellence  of  the  work. 

E.  C.  8. 


Stohr's  Histology  Arranged  upon  an  Embryologioal  Basis.  By  Dr.  Frederick  T. 
Lewis,  from  the  twelfth  German  edition  by  Dr.  Philipp  Stohr.  Sixth 
American  edition.  Clotli;  450  illustrations  in  the  text,  45  of  which  are 
colored.  Pp.,  ix  +  434.  I'riee,  $3,00.  Philadelphia:  P.  Blakiston's  Son  & 
Co.,  1906. 

Dr.  Lewis  has  proved  very  Buccessful  in  continuing  Dr.  Shaper's  Amer- 
ican edition  of  Stohr's  Histology. 

The  arrangement  of  the  book  is  good.  Following  a  brief  but  clear 
description  of  the  structure  and  vital  phenomena  of  the  cell,  134  pages 
are  devoted  to  general  histology  and  348  pages  to  the  special  systems. 
A  chapter  on  technique  and  an  excellent  index  complete  the  volume.  The 
distinctive  feature  of  the  book  is  the  arrangement  upon  an  embryological 
basis.  The  description  of  the  adult  tissue,  or  organ,  is  preceded  by  a 
review  of  the  embryogeny,  thus  enabling  the  student  to  gain  a  compre- 
hensive grasp  of  the  subject  and  to  form  a  logical  conception  of  the 
significance  of  the  part  studied.  The  value  of  the  book  has  been  further 
enhanced  by  the  adoption  of  the  newer  anatomical  nomenclature.  The 
illustrations,  of  which  there  are  450,  are  in  general  satisfactory,  many 
presenting  early  stages  in  development.  It  may  be  suggested  that  the 
study  of  the  brain  would  be  simplified  by  adding  a  few  illustrations  at 
diiferent  levels  through  the  medulla,  pons,  and  crura  cerebri. 

The  printing  is  clear,  the  si^e  of  the  volume  convenient,  and  the  boo^ 
can  be  highly  recommended  to  the  student. 

H.  T.  M. 
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THE  PHILIPPINE 

Journal  of  Science 

B.  Medical  Sciences 


A  CONSIDERATION  OF  SOML  OF  THE  MODERN  THEORIES 
IN  RELATION  TO  IMMUNITY. 


In  opening  tlie  past  annual  meetings  of  the  Association  it  lias  been 
customary  for  the  president  to  call  attention  to  the  advances  which  have 
been  made  in  matters  relating  to  the  medical  sciences  in  the  Philippine 
Islands  during  the  year  just  completed,  and  while  my  purpose  is  to 
discuss  considerations  relating  more  closely  to  scientific  studies  which 
may  serve  to  increase  the  efficiency  of  prophylaxis  in  the  future,  it  is 
not  out  of  place  briefly  to  review  what  has  been  accomplished  since  the 
last  reunion  of  the  members  of  this  association. 

The  outhreak  of'  cholera  which  was  accompanied  by  the  fear  that  it 
would  oncG  more  take  on  the  dimensions  of  the  ones  that  have  swept 
the  Islands  in  the  past,  has  disappeared ;  cases  of  plague  are  do  longer 
encountered ;  smallpox  is  reduced  to  a  minimum  and  by  reason  of  efficient 
vaccination  any  future  serious  occurrences  of  this  disease  need  not  be 
feared;  improved  individual  hygiene  among  a  certain  proportion  of  the^ 
population  has  lessened  the  frequency  of  dysentery.  Hygienically,  there- 
fore, we  are  in  a  better  condition  than  we  were  a  year  ago.  The  discovery 
of  the  prevalence  of  trematode  infections  is  another  advance  which  event- 
ually will  lead  to  the  adoption  of  measures  destined  to  bring  about  at 
least  a  partial  curtailment  of  the  number  of  persons  affected;  studies  in 
the  habits   and   breeding  places  of  the  mosquitoes,  which  have  been 

'The  address  of  the  president;  Read  at  the  Fourth  Annual  Meeting  of  the 
Philippine  Islands  Medical  Association,  Manila,  February  27,  1907, 
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rapidly  advanced,  will  serve  as  a  foundation  for  plans  to  combat  malaria; 
and  the  wark  Ijne  in  tla  studj  of  immunity  can  not  fail  to  bring 
with  it  far  reaching  results  in  the  preparation  of  serums  and  vaccines. 
The  activit}  of  the  \etei  nari  ph^s  fians  haa  been  such  that  violent  out- 
breaks of  rinderpest  which  in  certain  seitions  of  the  Islands  threateneii 
a  complete  destruction  of  the  homed  animals  have  been  prevented  by  the 
use  of  anti  nnderpestic  serum  an  1  the  methods  of  preparation  of  the 
latter  have  been  markedli  improved  so  as  to  increase  its  efficiency.  Work 
m  medical  science  h&'<  al^  been  adiancel  ty  the  formation  of  the  Army 
Board  for  the  Stud^  of  Tropical  Di=iea!=es  and  by  the  union  of  its 
mterfsts  with  those  of  the  Bureau  of  Science  The  results  of  this  hearty 
cooperation  are  already  evident  in  a  senes  of  interesting  publications. 
Work  m  me  Ileal  zoology  has  also  been  undertaken  and  we  expect  most 
fundamental  advances  m  this  important  branch  of  tropical  medicine 
during  the  jeir  to  lome  The  plins  f>r  i  medical  school  founded  upon 
modem  lab>ratorj  instruction  and  clinics  ire  about  completed  and  we 
hope  at  no  listant  date  to  ha^e  an  institution  which  will  be  as  capable 
as  any  which  may  be  found  in  America  or  Europe  of  thoroughly  training 
meli  al  student'*  almg  the  lines  universalh  approved  to-day. 

No  doibt  then  but  that  tl  e  past  year  1  as  shown  a  great  advance,  and 
no  doubt  als  but  that  the  nc\t  one  will  he  eq  lally  prolific  of  results.  We 
cui  not  stand  still  for  that  in  all  countries  and  ages  has  meant  re 
tr  ogress  ion 

In  tropical  eountric-  mtdical  studies  mott  peculiarly  concern  them 
selves  with  the  diseibcs  nt  infectious  ori^rm  The  white  man  coming 
here  runs  the  Inbihty  of  rontrutm^  certim  of  them  the  nativp  ^galn 
IS  exposed  to  others  and  the  best  means  of  limiting  xnd  tombating 
the  outbreaks  whuh  occur  hive  been  topics  foi  stud^  in  all  parts  of  the 
world  &o  seriously  do  America  and  Europe  take  the  qucution  of  limiting 
mfpctiLUB  disea-es  that  specialh  endowed  institutions  luve  been  estaV 
lished  for  work  m  methods  of  prevention  and  i.ure  fireat  misters  m 
this  (Iirection  of  work  havt  arisLn  and  far  reaching  theories  as  to  the 
causes  of  natural  immunity  to  Lertam  diseases  m  individual  rates  and 
species  and  is  to  the  productiLU  of  artihcial  immunity  have  been  eutab 
lished  as  the  result  of  difiitult  experimental  work  The  advancement 
of  these  theories  their  discussion  and  the  laboratoiy  investigations  neces 
sary  to  prove  or  disprove  the  vinous  views  has  served  to  advance  the 
rau-ip  of  the  studv  of  immunity  in  the  past  few  }<.ars  with  a  rapiditv 
perhaps  tqualed  h>  no  other  branLh  of  science  unless  it  be  that  cf  the 
physical  studi  of  the  phenomena  of  radioai-tivitv  It  has  been  the  great 
service  of  Fhrlith,  of  Frankfurt,  to  explain  the  existing  phenomena  by 
a  fundamental  view  of  the  cau&ea  of  immunitv  whuh  is  founded  upon 
chemical  considerations  and  which  to  day,  is  accepted  by  the  majority 
ot  workers  m  this  field  ind   although  it  has  opponents   even  the  latter 
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have  been  obliged  to  bring  into  their  coiisideratiooB  conceptions  whith, 
while  using  different  term<!  still  m  man^  respects  conform  to  the  position 
assumed  bj  Ehrlich 

It  IS  inth  much  diffidence  that  I  approach  this  subject  as  a  chemist 
I  had  hoped  when  I  selected  this  topic  to  ha\e  some  experimental  material 
to  Vring'  before  the  association  but  unfortunately  my  time  has  been 
so  occupied  m  other  directions  that  I  have  been  unable  to  accomplish 
what  I  wiishert  It  will  theretore  be  nete'-'.ary  for  you  to  take  such  discus- 
sion as  I  have  to  give  for  what  it  is  worth 

A  merei)  cisua!  ccns  deration  of  the  phenomena  of  immunity  to 
disease  de^elcp  the  fact  thit  we  euLOunter  ipecialized  resistance  to 
certain  types  not  only  m  races  but  m  fimilies  orders,  genera  species 
^nd  even  m  mdividuak  By  some  piocesses  in  the  doelopment  of  canons 
groups  cf  inimals  s)me  have  become  resistant  to  the  change  in  their 
Londition  brought  about  h^  the  introductioli  of  ceitam  foreign  celli, 
others  ha\e  becamo  iiniiiunc  tc  other  infections  and  '-o  on  This  re 
distance  ma^  manifest  itself  eithei  in  a  destnution  of  the  mtroducetl 
cells  m  an  impairment  of  their  functions  or  it  ma}  appear  as  a  simple 
tolerance  to  their  presence  without  deleterious  results  Of  couise  m 
this  connection  we  nil  at  alsa  consider  the  cell  which  is  mtroluced,  this 
too  cin  b^  agca  of  development  have,  become  resistant  or  tolerant  to  the 
influences  of  certain  of  its  hosts  and  in  this  ^a}  mai  be  capable 
of  resisting  destruction  m  their  bodies  The  main  question  to  be 
eonsidered  is  How  is  this  destruction  or  tolerance  brought  about'  In 
the  cast  of  the  destructnn  of  an  introduced  cell  this  must  either  talcc 
place  b\  the  action  of  some  chem  cal  groups  or  individuals  present  m 
the  host  by  the  aid  of  which  the  introduced  cell  is  disintegrated  and 
dissolved,  or  it  must  be  b>  pli}sic'il  means,  by  the  action  of  some  form 
of  encrg\  by  which  eheinital  changes  leading  to  the  dismtegrition  of  the 
c<ll  are  inaugurated  in  the  latter  That  a  proper  modification  of  cnergv 
can  bring  about  chemical  reaetion  is  too  well  known  for  discussion  hut  it 
IS  difficult  to  conceive  how  an  organism  which  has  been  produced  while 
subject  to  alt  various  manifestations  of  energy  which  surround  us  should 
upon  being  merely  transferred  to  another  organism  which  has  also  been 
produced  under  the  sime  general  conditions  he  destroyed  by  sueh  means 
onlj.  It  IS  true  that  m  the  phenomenon  of  agglutination  we  may  have,  at 
first  sight,  some  indications  of  the  action  of  polarity,  but  here  also,  to 
produce  the  change,  certain  specific  chemical  bodies  must  be  present.  A 
change  in  energy  undoubtedly  takes  place  during  the  processes  of  cell  des- 
truction or  agglutination  and  this  change  in  energy  must  have  further, 
far-reaehing  results,  but  as  yet  the  study  of  immunity  has  not  advanced  to 
a  sufficient  degree  to  render  a  consideration  of  this  phase  possible.  There 
remains  then  as  the  most  probable,  a  priori  hypothesis  the  one  which 
assumes  that  the  examples  of  cell  destruction  or  agglutination  which 
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we  observe  are  brought  about  by  chemical  substances  present  in  the  host, 
or  by  what  is  still  more  likely,  a  combination  between  certain  definite 
substanceB  in  the  introduceil  cell  and  of  others  in  the  host.  If  now  we 
consider  the  development  of  various  races  from  their  simplest  beginning, 
we  are  forced  to  the  conclusion  that,  in  the  struggle  for  exi=!tence  and  in 
the  adaption  of  individuals  to  environment,  a  great  variety  of  substances 
of  gradually  increasing  complexity  must  be  formed  which  take  part  not 
only  in  assimilating  food  but  in  resisting  the  encroachments  of  parasitic 
organisms.  In  proportion  as,  through  the  ages,  the  conditions  surround- 
ing the  race  have  been  altered,  as  the  attacks  have  multiplied,  and  the 
means  of  resisting  them  have  been  applied,  there  has  sprung  up  the  vastly 
complex  chemical  system  of  the  higher  organisms,  and,  as  the  materials 
which  these  organisms  must  assimilate  are  varied  and  the  means  which 
they  must  take  to  resist  destruction  are  also  of  great  variety,  it  follows 
that  those  chemical  bodies  which  in  the  host  are  capable  of  the  destruction 
of  the  invader  mnst  also  be  great  in  number.  It  is  not  possible,  consider- 
ing the  specific  character  of  the  destruction  of  certain  cells,  that  one  chem- 
ical individual  should  bring  about  the  various  types  of  immunity,  indeed, 
if  immunity  were  due  to  one  chemical  individual  we  would  expect  it 
to  be  universal,  and  universal  immunity  would  imply  the  destruction 
within  the  body  itself  of  its  own  tissues,  namely,  autolysis.  Furthermore, 
the  cell  which  is  introduced  is  in  itself  resistant  in  some  organisms,  non- 
resistant  in  others,  it  may  itself  therefore  have  developed  immune  bodies 
which  must  differ  from  the  immune  body  in  the  host.  We  must  therefore 
come  to  the  conclusion  that  a  multitude  of  cliemical  groups  or  individuals 
must  exist  in  any  one  organism,  which  are  calculated  to  resist  the  invasion 
of  foreign  cells.  Another  question,  entirely,  is  that  of  the  chemical 
complex  or  possibly  the  transferrence  of  energy  which  renders  the  attack- 
ing chemical  body  active.  This  factor  in  the  destruction  of  the  foreign 
cell  might  he  uniform  throughout,  for  its  action  is  through  the  chemical 
complex  which  is  only  one  of  the  destroying  factors.  If  it  is  simply  a 
method  of  producing  a  change  of  enei^  it  is  diificult  to  conceive  why 
it  should  act  at  one  time  and  not  at  another  or  if  it  is  a  uniform  chemical 
lody  whv  it  ihould  m  thi.  eeri  of  certain  cases  be  destrcyed  it  a  1  w 
temperature  and  m  others  at  %  higher  one 

From  what  has  gone  before  we  mu<;t  conclude  that  the  deviloymeut 
of  race  immunitv  i''  a  process  of  heredity  that  the  fubitances  which  onfei 
certain  types  of  immun  tv  on  the  mdividuvls  of  a  given  n&  have  been 
produced  by  a  course  of  development  *,onconiitant  with  the  other  mai 
festations  of  evolution  and  that  the  chemical  bodies  which  confer  the 
inununitT  in  individuals  mu^t  be  \ast  m  number  In  reaching  th  s 
conclusion  we  must  not  bse  sight  of  anothei  means  bv  which  immunity 
can  be  conferred  namely  by  the  absence  of  gioupa  capable  of  uniting 
with  introduce  I  cells  or  toxins — but  this  phenomenon  alio  n  net  be  the 
result  of  heredity. 
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Exactly  the  same  view  applies  to  conferred  immunity.  A  natural. 
immunity  may  Ije  increased  or  one  which  is  scarcely  existent  may  be 
rendered  apparent  and  protective  by  the  introduction  of  cells,  or  the 
products  of  those  cells.  In  these  cases  we  produce  a  more  or  less  specific 
type  which  manifests  itself  either  only  against  the  particular  cell  in 
question  or  at  least  only  against  those  also  with  which  it  is  closely, 
related.  This  conferred  immunity,  in  principle,  does  not  differ  from  the 
hereditary  one;  we  have  only  added  to  the  host  another  set  of  chemical 
substances  which  in  themselves  were  not  present  before,  or  at  least 
were  present  only  in  small  amount.  However,  bodies  related  to  the 
introduced  substances,  or  at  any  rate  bodies  having  simiiar  chemical 
characteristics  must  have  existed  in  the  host  owing  to  the  principles  of 
heredity  which  have  just  been  discussed  and  it  must  be  by  reason  of  this 
similarity  or  identity  that  the  increased  immunity  is  conferred.  The 
introduced  cell  then,  by  reason  of  its  introduction  into  a  host,  causes  a 
disturbance  of  equilibrium  in  certain  cells  of  the  latter,  these  cells,  ac- 
cording to  the  law  by  which  a  chemical  system  tends  to  produce  a  change 
in  the  surrounding  conditions  by  which  the  disturbance  can  be  counter- 
acted, give  off  or  produce  chemical  substances  which  tend  to  destroy  or 
eliminate  the  invader  and  in  so  doing  tliey,  responding  to  the  stimulus,  go 
far  beyond  the  point  of  original  equilibrium  and  so  produce  the  immune 
substances  which  find  their  way  into  the  blood.  However,  the  laws  of 
chemical  equilibrium  will  prev^t  too  great  a  proliferation  of  these  im- 
mune bodies,  for  there  must  come  a  point,  if  we  consider  physical  laws, 
when  the  reaction  which  produced  tho  immune  bodies  takes  place  in  the 
opposite  direction,  and  at  this  point  as  many  of  the  immune  bodies  will  be 
destroyed  as  created.  To  speak  in  the  language  of  chemistry,  the  reaction 
must  be  a  reversible  one.  This  condition  must  arise,  or  otherwise  we  could 
go  on  in  any  given  case  to  a  condition  of  infinite  immunity.  How  this 
reversal  is  brought  about  is  a  matter  of  indifference.  It  may  be  by  the  . 
formation  of  anti-immune  bodies,  it  may  be  by  a  process  destructive 
to  immune  bodies  which  is  constantly  going  on  within  the  cells  of  the 
host;  in  any  event  the  end  of  the  equilibrium  must  be  reached.  This  new 
end  equilibrium,  however,  in  the  ease  of  the  conferred  immunity,  is  only 
an  unstable  one,  the  organism  must  gradually  tend  to  return  to  its 
original  condition;  that  is,  the  conferred  immunity  must  gradually  be 
lost,  the  rapidity  of  the  change  depending  upon  the  nature  of  the 
immunity  which  has  been  given.  Conferred  immunity,  therefore,  differs 
from  natural  or  hereditary  immunity  by  not  being  permanent,  for  in  the  . 
hereditary  type  the  equilibria  have  been  established  through  the  ages 
during  which  the  permanent  condition  has  gradually  been  brought 
about — the  system  has  adjusted  itself  to  the  new  equilibrium.  It  would 
be  interesting  to  study  the  production  of  hereditary  immunity  in  animals, 
but  1  fear  the  task  would  be  a  great  one,  for,  as  we  know,  hereditary 
variations  in  type  are  only  produced  by  many  generations. 
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.  General  considerations  of  the  broader  pbenomena  of  immunity  and 
some  more  special  analysis  of  the  production  of  immunity  lead  us  to 
a  chemical  view  of  the  question,  and  we  are  then  brought  to  the  con- 
clusion that  there  must  exist  certain  types  or  groups  of  complex  sub- 
stances which,  coming  in  contact  with  the  introduced  cells,  cause  their 
destruction.  All  investigators  are  agreed  that,  no  matter  how  these 
chemical  substances  have  their  origin,  whether  in  the  conglonjerate  of  cells 
which  go  to  make  up  the  body,  or  in  certain  special  ones,  such  ae  the 
leucocytes,  once  they  are  free  in  the  circulation  they  can  unite  with  the 
introduced  cell  and  can  be  removed  by  it.  That  this  is  not  a  phenomenon 
of  adsorption  is  proved  by  the  fact  tliat  there  is  selective  absorption  of 
the  immune  bodies  or  of  the  toxins  by  a  cell,  where  two  or  more  of  the 
former  are  present.  All  investigators  also  are  agreed  that,  once  the 
immune  substance  is  fixed  by  the  cell,  then  the  additional  action  of 
another  body  or  in  the  case  of  the  toxin  a  chemical  group  tlierein  present 
is  necessary  to  cause  the  final  destruction  of  the  foreign  orgnnic  complex 
As  to  the  nature  of  this  last  mode  of  action  opinions  differ 

If  we  come  to  consider  the  actual  lelatne  mass  af  a  toxin  which 
suffices  to  cause  the  death  of  an  individual,  or  the  actual  relitiit  miss  of 
a  hasmolytie  immune  body  as  comparul  with  that  of  the  orpuseles  which 
it  destroys,  we  are  forced  to  the  conclu'.ion  thit  the  massi.'i  ot  the 
reactive  bodies  are  extremely  small  as  compared  with  those  of  the  cells 
which  they  destroy.  In  an  immune  strum  we  have  water  salts,  hbrin 
globulin  and  in  short  a  great  proportion  of  substances  whub  can  not  bu 
immune  bodies,  and  this  fact  must  be  taken  mto  (.onsiderat  on  when  wl 
regard  the  actual  quantities  of  these  bubstances  present  but  on  tht. 
other  hand,  the  cell  to  be  destroyed  mubt  act  as  a  whok  that  is  tor 
example,  if  the  process  of  destruction  is  om  of  hydrohsis  then  tht 
hydrolytic  action  must  disintegrate  the  whole  cell  A  guinea  pig  of 
300  grams  is  killed  by  0.0025  cubic  centimeter  or  by  approximately  10~' 
times  its  mass  of  diphtheria  toxin,  a  horse  by  0.3  cubic  centimeter  of 
tetanus  and  a  mouse  by  l^"^'  gram;  2.8^*^  gram  of  tarantula  can  com- 
pletely dissolve  300,000,000  red  blood  corpuscles  of  the  rat.  It  is  true 
that  we  can  not  actually  determine,  in  a  given  case,  j'uat  what  mass  of 
cells  is  thrown  out  of  function  by  a  given  amount  of  reagent  and  just 
how  many  cells  it  is  necessary  profoundly  to  disturb  before  serious 
consequences  result  to  an  organism,  and  in  this  respect  reactions  in  vitro 
give  us  little  aid,  as  here  we  are  not  acting  under  norma!  conditions 
of  life,  and  we  are  also  ignorant  of  the  relation  between  the  actual 
weights  of  reagents  employed.  These  studies  are  radically  different  from 
tlie  ordinary  chemical  ones,  where  the  sttechiomctric  relations  can  ac- 
curately be  followed. 

However,  the  apparent  disproportion  between  the  mass  of  the  reagent 
which  causes  the  disintegration  of  the  cells  and  the  probable  mass  of  the 


Hosted  by 


Google 


MODERN   THEORIES   IN   RELATION   TO   IMMUNITY.  77 

cells  destroyed  should  draw  our  attention  to  the  phenomenon  of  catalysis,. 
The  study  of  catalysis  and  of  catalytic  reactions  has  been  advanced  moat 
markedly  within  the  past  few  years,  and  we  have  come  to  have  a  much 
clearer  conception  of  the  principles  underlying  the  changes  brought  about 
by  catalytic  agente  than  we  formerly  had.  One  fundamental  fact  must 
always  clearly  be  borne  in  mind,  and  that  is  the  catalyzer  can  not  change 
the  end  equilibrium  of  a  reaction,  it  can  only  alter  its  rate.  A  simple 
example  will  suiEce.  If  we  have  a  mixture  of  hydrogen  and  oxygen, 
the  two  gases  apparently  do  not  unite  at  ordinary  temperatures,  some 
iniinitesimal  union  however  does  take  place  with  the  formation  of  water, 
but  the  rate  of  reaction  is  too  slow  to  be  measured  and  it  must  be  derived 
by  interpolation  after  a  study  of  the  change  at  higher  temperatures. 
However,  if  the  mixture  of  gases  were  to  remain  for  a  sufficient  length 
of  time,  centuries  in  this  instance,  a  final  end  equilibrium,  in  which  nearly 
all  had  been  changed  to  water  and  hut  infinitesimal  traces  of  hydrogen 
and  oxygen  would  remain,  would  finally  be  realized.  The  introduction 
of  a  catalyzer,  in  this  case  let  us  say  platinum  sponge,  will  so  alter  the 
rate  of  reaction  that  it  may  even  proceed  with  explosive  violence,  a  few 
seconds  sufficing  to  accomplish  that  which  would  take  ages  under  ordi- 
nary circumstances.  Tlie  catalyzer  itself,  however,  is  not  altered.  The 
recent  work  of  Bredig  on  the  colloidal  metals  has  furnished  ua  with 
a  series  of  inorganic  catalyzers  which  have  the  remarkable  property  of 
being  "poisoned"  by  chemical  reagents  similar  to  those  which  attack 
the  organic  enzymes,  and  even  without  such  a  hint  as  to  a  possible 
resemblance  between  the  inorganic  colloids  and  the  organic  enzymes, 
it  is  quite  generally  believed  that  the  enzymes  are  specific  organic  cata- 
lyzers with  the  power  of  accelerating  the  rate  of  normal  reactions  which 
otherwise  might  be  infinitely  slow. 

The  theory  of  Ehrlich,  very  briefly -stated,  is  as  follows:  A  cell,  having 
certain  chemical  groups,  is  introduced  into  a  body.  If,  in  any  of  the 
multitudinous  cells  of  that  body  there  is  one  which  has  chemical  groups 
capable  of  uniting  with  those  of  the  introduced  cell,  then,  on  contact, 
such  union  takes  place.  The  attacked  cell  in  the  living  organism,  having 
its  equilibrium  disturbed  by  the  occupation  of  one  of  its  chemical  groups, 
proliferates  others  which,  as  I  will  show  further  on,  may  or  may  not 
be  of  the  same  nature  and  wh:ch  are  thrown  off  into  the  circulation  The 
proliferated  chemical  substance  must  be  capable  of  attaching  itself  to 
an  albuminous  molecule  ot  the  introduced  cell,  for  it  contains  the 
chemical  grouping  which  assumed  the  original  function  of  binding 
the  introduced  cell  But,  in  itself,  this  detached  group  is  not  able  to 
bring  about  the  destruction  of  the  foreign  invader,  it  must  be  rendered 
capable  of  so  doing  by  uniting  with  a  chemical  bubstante  present  m  the 
blood  plasma,  which  is  termed  the  tomplement  The  immune  body  which 
IS  proliferated  therefore  is  an  amboceptor,  with  one  group  it  is  capable  of 
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union  with  the  eel!  with  the  other  nith  tl  e  (onplemejit  in  I  thf  litter 
causes  the  reaction  rapidly  to  take  plac 

The  immune  bxij  (or  m  the  cast  of  tax  ns  the  haptophore  group)  his 
therefore  been  termed  tht,  sensitizer  which  renders  the  cell  capable  of 
destruction  by  the  enzvme  like  camplement  (or  toxophnre  grjup)  and  it 
has  been  compared  to  a  mordant  This  CDmpari'^Dn  dots  not  «eem  to  me 
to  be  aptly  chosen,  for  the  fiber  and  mOTd^nt  beha\c  toward  each  other  as 
two  colloids  of  opposite  polarity  '  the  motdant  is  iH^rbLd  1^  the  fibei 
without  appar  nt  chemical  un  on  the  fiber  itself  s  not  thereby  rendered 
more  reactive  The  mord^Qt  icts  mdeptndenth  towaid  the  d>e  and  here 
also  we  probablj  ha^e  colbidal  absorption  Ihe  relations  between  fiber 
mordant  and  dje  are  therefore  laigely  goierntd  by  phvftK^l  causes 
However,  in  the  case  of  immune  body  complement  (or  tixophore  gr  >up) 
and  cell  the  latter  is  [.rofoundh  altered  or  destroyed — the  destruction 
appearing  closely  to  resemble  t]ie  pre  cesses  ot  h}drol>bis  the  immune  bod\ 
apparently  serving  to  bring  the  enzyme  like  complement  or  toxophore 
group  in  closer  sj  ace  relatif  n  to  the  cell  bo  that  one  should  scarcely  speik 
of  either  as  the  sensitizei  but  should  rather  term  the  complement  the 
accelerator.  Ihi  ehange  somewhat  reminds  one  of  the  different  stereo 
chemical  relatuns  present  in  the  formation  tt  ketones  from  the  halogen 
substituted  fatty  acids  and  some  years  igo*  I  demonstrated  tl  at  in  the'fe 
reactions  we  can  have  the  chemical  reactivitj  influenced  by  two  factorb 
one  taking  place  through  the  carbon  chain  the  other  through  «pice  In 
connection  with  this  view  of  catalyt  c  action  it  is  interest  ng  to  nDte  that 
Kyes  and  Sachs'  m  stidying  the  acceleration  cf  the  h'emolytic  action 
of  cobra  venom  by  lee  thin  ha\e  shewn  that  the  luDre  fnake  (enom  s 
used,  the  less  lecithin  is  necessary  to  effect  complete  hsemolysis  and  t  tee 
versa,  the  more  lecithin  the  less  \enom  need  be  used  for  the  minimal 
completely  solvent  dose 

It  will  be  seen  from  the  above  that  the  proliferation  >f  immune  bodies 
according  to  this  %  ew  is  bro  ght  about  b\  a  disturbance  of  eq  nlibnum 
within  the  cell  that  therefore  the  pioduction  of  mm  me  bodies  is  a 
normal  p-ocess  accelerated  by  the  introduction  of  the  foreign  cell.  Under 
undisturbed  conditions  of  equilibrium  these  or  bimilar  immune  bodies  are 
also  most  certainly  being  gnen  off,  hut  owing  to  their  graduil  prolifera- 
tion, they  undoubtedly  disappear  without  causing  i  change  m  the  normal 
equilibrium.  By  the  introduction  of  the  foreign  eell  however,  the  raU 
of  the  reaction  is  altered  so  as  to  thiow  a  large  amount  ot  these  immune 
bodies  into  the  circulation  at  one  time  This  production  of  immune 
bodies,  therefore,  has  much  the  appearance  ot  catalysit,,  where  the  cataly- 
zer which  proliferates  the  immune  bodv  is  generated  withm  the  body  cell 
itself. 

=  W.  Biltz:  Ber.  d.  chem.  Ges.     (1904)    37,  ITfiO. 
'Ann.  Chem.      (Liebig]    (1901)    319,  345. 
'Berl.  Klin.  Wckmck.      (1903),  40,  21. 
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I  have  mentioned  above  that,  under  undisturbed  conditions  of  equiUb- 
rium  the  immune  bodies  or  similar  substances  are  undoubtedly  con- 
stantly being  given  off.  I  had  in  mind  some  of  the  phenomena  of  organic 
chemistry  in  which  the  change  of  one  stereochemical  form  into  another 
is  brought  about,  or  perhaps  more  aptly,  the  alterations  which  we  observe 
from  the  keto-  to  the  enol-form  and  vice  versa.  We  liave  bodies,  for 
example,  which  when  prepared  under  certain  circumstances,  react  like 
ketones  or  aldehydes,  these  same  bodies  may  spontaneously  or  under 
slight  stimulus,  become  altered  to  unsaturated  alcohols  and  again  under 
others  they  may  at  times  appear  as  ketones  and  at  others  as  alcohols.  The 
same  condition  may  apply  when  the  equilibrium  of  the  living  body  cell 
is  disturbed  by  the  introduction  of  the  foreign  one — ^the  immune  bodies 
which  are  normally  proliferated  may  be  changed  in  this  manner  in  their 
chemical  structure  by  the  introduced  cell  so  that  now  they  become 
capable  of  independent  existence  and  possibly  also  of  firmer  union  with 
other  cells  and  so  that  they  are  also  able  to  fix  the  complement.  This  view 
does  not  seem  improbable  when  we  consider  that  we  have  immune  bodies 
of  apparently  similar  origin,  some  of  which  are  capable  of  firm  fixation 
to  the  introduced  cell,  others  of  which  are  but  loosely  bound  and  still 
others  which  have  their  avidity  increased  by  union  with  the  complement. 

While  I  have  shown  above  that  the  immune  bodies  may  be  produced  by 
catalysis  of  normal  processes,  it  does  not  follow  that  they  are  themselves 
catalyzers  wlien  they  unite  witli  the  introduced  cell,  with  the  toxin,  or 
in  the  case  of  toxins  themselves,  with  the  body  cell,  for  it  has  conclusively 
been  shown  that  such  union  does  lake  place  and  that  then  these  bodies 
are  either  removed  from  the  serum  or  that  they  unite  with  the  toxin. 
But,  if  the  view  of  catalysis  is  correct,  them  these  bodies,  when  so 
attached  should,  at  a  very  slow  rate  of  reaction,  accomplish  that  which 
they  do  rapidly  under  the  infiuence  of  the  complement,  for  the  catalyzer 
simply  accelerates  an  otherwise  normal  reaction ;  in  other  words,  to  select 
an  example  from  tlie  phenomena  of  haemolysis,  the  lysis  of  a  red  blood 
cell  to  which  an  immune  body  is  attached,  should  take  place  very  slowly 
as  a  normal  reaction,  which  would  proceed  very  rapidly  to  an  end  equi- 
librium by  the  addition  of  the  complement.  Individual  test-tube  experi- 
ments in  hffimoiysis  have  not  extended  over  a  sufficient  period  of  time 
to  prove  or  disprove  this  view,  and  it  would  be  interesting  to  follow  out 
this  subject  if  the  experimental  difficulties  are  not  too  great. 

On  the  other  hand  the  complement  which  is  attached  to  the  ambo- 
ceptor, either  permanently,  as  in  the  case  of  the  toxins,  or  which  is 
taken  up  from  the  blood  serum,  as  with  the  hsemolysins,  seems  much  more 
closely  to  resemble  the  catalyzers,  but  if  it  is  a  catalytic  agent  it  must 
accelerate  a  reaction  which  otherwise  would  take  place  with  extreme 
slowness,  with  such  slowness,  indeed,  that  without  such  a  catalyzer  no 
noticeable  difference  of  the  normal  equilibrium  would  take  place.  Dr. 
Strong,  acting  on  this  view,  has  conducted  a  series  of  experiments  with 
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diphtheria  toxin  in  guinea  pigs  which  were  Bimultaneously  injected 
with  minimal  doses  of  pure  hydrocyanic  acid,  acting  on  the  theory  that 
this  substance,  which  so  marltedly  "poisoned"  Bredig's  colloidal  inorganic 
catalyzera,  would  do  the  same  with  the  organic  ones,  and  that  hence  the 
action  of  the  diphtheria  toxin  should  be  delayed,  with  a  gradual  recovery 
of  virulence  as  the  hydrocyanic  acid  disappeared.  The  results  were 
entirely  negative.  However,  this  one  series  proves  nothing  excepting 
that  other  means  of  experimentation  must  be  resorted  to.  The  work 
could  probahly  be  more  BuccessfuUy  carried  out  in  vitro. 

The  process  of  tell  destruction  bv  "ud  of  the  complements  which  are 
present  m  the  serum  baa  one  interesting  phase  which  raubes  it  to  differ 
from  that  where  the  catalytic  agent  if  I  may  use  the  term  is  a  chemical 
individual  which  tan  bo  isolated,  such  a=t  lecithin  In  the  case  of  the 
serum  complement  there  is  a  timt  of  mcubition — that  is,  the  reaction 
proceeds  with  an  increment  of  increase  in  unit  time — which  can  onli  be 
brought  about  b)  the  relativel'\  increasing  amount  of  eataljzer  present 
in  other  noids  the  complement  must  either  be  fotmi'd  during  the  reaction 
or  it  must  be  liberated  as  soon  as  its  work  is  done  hut  in  the  latter  event 
tn  Vitro  we  must  also  have  a  steadily  diminishing  amount  of  substance 
m  unit  volume  to  be  acted  upon,  and  a  consequent  gradual  letardation 
The  study  of  the  late  of  these  reactions  and  the  resulting  curves  is 
therefore  ot  fundamental  importance  and  m  the  case  of  hTmolysis 
the  experimental  difficulties  would  not  heem  to  be  too  great  to  overcome 
It  would  certain!}  be  well  to  determine  the  proportion  of  com]>lempnt 
and  immune  bod\  is  compared  with  that  Dnginalh  present  lemaming  ■ 
m  hasmoly/cd  blood  after  the  reaction  i&  complete  although  m  tb  s 
connection  care  must  be  exercised  not  to  contuse  the  possible  effects  ot 
substances  like  lecithin  which  could  be  separate"!  from  the  stroma  with 
the  true  serum  complements 

In  closing  I  wish  to  call  attention  to  one  phise  of  the  rescvrches  on 
immunity  whuh  wnild  repay  further  investigation     Ehrlith  has  siid 

I  aceej-t  the  eiistence  of  haptophore  groups  excluaneiy  m  compoun  ia  lueh  as 
the  food  stuffs  which  can  ent^r  into  the  (imposition  of  the  protoplasm  or  whicli 
*iuph  as  tl  e  i,''6a*'  wries  of  poisonous  or  not  poisonous  products  of  the  mLtabolic 
changes  of  liiing  mils  can  enter  into  a  eombi nation  a  milar  to  that  of  the  food 
ituffa 

The  deep  seited  difference  between  the  alkaloids  glucoaides  or  medi  inal  agento 
of  known  chemical  constitution  and  those  aubstaneea  which  poaseas  haptophore 
groups  and  whith  are  thertfore  apable  if  liberating  antibodies  during  the  process 
of  immunization  la  shown  by  the  fact  tl  at  mne  of  the  former  olaaa  haie  e\er 
been  able  to  gi\e  rise  to  suit  intibody  production  of  consequence 

However  I  believe  thit  this  seemmgh  impassible  gulf  can  be  crossed 
Undoubtedlj  we  can  place  on  one  side  poisons  from  which  no  trace  of 
an  immunity  reaction  can  be  secure!  and  on  the  other  substances  the 
products  of  hfe  action,  which  give  all  the  typical  phenomena  which 
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we  are  accustomed  to  associate  with  what  we  term  immunity,  but  surely 
the  line  can  not  be  an  abrupt  one  and  hence,  in  thie  invratigation  we 
must  seek  chemical  individuals  of  known  constitution  which,  under 
proper  conditions,  are  capable  as  synthetic  bodies  of  entering  into 
metabolic  reactions.  The  recent  work  of  Emil  Fischer  on  tlie  amino-acids 
and  the  synthetic  formation  of  the  polypeptide  is  suggestive  and  it  .is 
with  similar  synthetic  substances  that  we  may  hope  to  see  our  next  great 
advance  in  the  study  of  immunity. 

The  problems  to  be  encountered  in  immunization  are  difficult,  they 
involve  painstaking  experimental  work  and  close  reasoning  and  thought 
but,  as  I  have  endeavored  to  show,  the  modem  views  of  chemistry  and 
physics  are  all  on  the  side  of  the> worker  in  immunity;  he  has  but  to 
reason  closely  to  untangle  one  more  skein  of  the  web,  and  his  reward 
is  great.  In  place  of  the  constant  fear  of  recurring  serious  epidemics 
of  devastatiiig  diseases  with  their  accompanying  vast  expenses,  and  in 
place  of  the  constant  vigilance  necessary  to  prevent  serious  outbreaks  of 
infectious  diseases,  the  worker  in  immunity  may  possibly  as  a  result  of  his 
studies  in  the  future  be  able  to  render  a  community  practically  safe  from 
all  but  negligible  sporadic  cases.  We  could  then  dispense  with  the  rigors 
of  quarantine  and  its  interruption  of  commerce,  or  with  the  enormous  loss 
of  life  consequent  upon  the  occurrence  of  epidemics.  True,  the  prejudice 
against  methods  of  immunization  is  as  yet  great,  much  more  of  a 
scientific  nature  needs  to  be  done,  much  of  a  missionary  character  under- 
taken, but  then  not  many  years  ago  the  very  fact  of  the  causation  of 
disease  by  microorganisms  was  the  subject  of  the  bitterest  dispute  and 
many  members  of  the  medical  profession  itself  were  sceptical  as  to  the 
results  which  were  to  follow.  However,  the  opposition  of  the  profession 
has  practically  disappeared,  that  of  the  laity  will  of  necessity  follow,  and 
our  successors  will  find  the  way  for  future  advance  cleared  for  them 
by  the  pioneers  of  to-day. 


Hosted  by 


Google 


Hosted  by 


Google 


ON  THE  CULTIVATION  OF  A  BOVINE  PIROPLASMA: 
A  PRELIMINARY  COMMUNICATION. 


Bj    M.    MlYAJIMA. 

the  Imperial  Institute  for  Vie  Research  of  Infectious   Diseases,   Tokyo, 
Japan,:  Director,  Prof.  S.  Kitasato.)' 


One  of  the  most  interesting  subjects  in  medical  science,  especially  in 
tropical  medicine,  is  an  investigation  of  the  parasitic  protozoa.  So  many 
valuable  discoveries  have  been  made  in  the  study  of  these  organisms 
that  it  is  not  necessary  here  to  mention  them,  but  nevertheless  at  present 
the  knowledge  of  protozoology  is  not  so  far  advanced  aa  that  of  bac- 
teriology. This  condition  may  be  ascribed  to  the  fact  that  on  the  one 
hand,  the  life  history  of  the  class  protozoa  is  most  complicated  and  on  the 
other,  the  protozoan  parasites  can  not  be  cultivated  so  easily  as  those  of 
bacterial  origin.  However,  the  efforts  of  several  workers  have  made  the 
study  of  the  pathogenic  protozoa  more  accessible.  The  mode  of  trans- 
mission of  Piroplmma  higeminum  was  clearly  demonstrated  by  Smith 
and  Kilbomo;'  later  the  relation  of  mosquitoes  to  the  malarial  parasites 
was  discovered.  The  pure  culture  of  the  pathogenic  protozoa  outside 
of  the  living  body  was  first  accomplished  by  Novy  and  McNeal '  in  the 
case  of  Trypanosoma  Icwist.  These  fundamental  studies  have  thrown 
much  light  upon  the  methods  of  investigation  in  modem  protozoology. 
It  is  my  belief  that  we  owe  so  much  to  your  countrymen  in  the  progress 
of  this  science  that  I  have  mentioned  their  admirable  investigations  in 
this  field  before  entering  upon  the  discussion  of  my  own  subject. 

Among  the  problems  in  modern  protozoology  which  have  greatly 
attracted  the  attention  of  scientific  men,  that  one  connected  with  the 
view  of  the  late  Professor  Schaudinn  *  with  respect  to  the  relation  of 
the  hamocytozoa  to  trypanosomata  may  be  mentioned.  Schaudinn  an- 
nounced that  the  hamocytozoan  known  as  HalieridMim  develops  into  a 
trypanosoma  in  the  body  of  the  mosquito;  furthermore,  he  believes  that 

'  Read  at  the  Fourth  Annual  Meeting  of  the  Philippine  Islands  Medical  Aasocia- 
tion,  March  1,  1907. 

'Bull.  Bureau  of  An.  Industry,  U.  8.  Dept.  of  Agr,   (1899). 
'Novy  and  MoNenl:   Contrib.  to  Med.  Research   (1903),  549. 
Mrd.  a.  d.  k.  Gsndhtsamte  (1903-04)   20,  387. 
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piroplasma  may  similarly  assume  a  trypanosoma  form  in  the  course  of 
its  development.  However,  Novy  and  McNeal "  reached  a  different 
conclusion  from  the  above  observer,  for  they  affirmed  definitely  that  the 
trypanosomata  of  birds  are  not  related  entirely  to  hamoeytozoa  such  as 
Haitendium  and  Leucocytosoa. 

Ag»in,  Hogers  *  sncceeded  in  securing  a  culture  of  the  small,  intracelU 
iikr  parasites  of  Kalorazar  known  as  the  Leishman-Donovan  bodies, 
in  which  the  organisms  developed  into  Urge,  motile  flagellates,  most 
closely  resembling  young  tiypanosomata  which  had  not  yet  developed 
an  undulating  membrane. 

Thus,  our  problem  on  the  relation  of  hamoeytozoa  to  trypanosomata 
becomes  more  complicated  and  must  be  settled  by  further  observations. 
For  this  reason  I  took  as  my  material  for  this  investigation  a  form  of 
bovine  piroplasma  which  is  readily  accessible  in  Japan,  and  made  some 
observations  in  cooperation  witli  my  assistant  Dr.  Irikura. 

Observation  1. — In  a  paper'  "On  the  Piroplasma  Found  in  Japanese 
Cattle,"  I  have,  with  Dr.  Shibayama,  shown  that  a  large  percentage 
of  Japanese  cattle  is  infected  with  a  species  of  piroplasma  which  seems 
to  be  similar  to  the  parasite  of  coast  fever  (Piroplasma  parvum).  In  the 
course  of  an  extended  study  we  were  able  fairly  often  to  demonstrate  the 
same  parasites  in  the  blood  of  the  native  cattle  of  Korea.  These  parasites, 
found  in  apparently  healthy  animals,  have  been  mostly  of  the  small 
bacillary  type,  the  large  pyriform  or  ring-shaped  bodies  oniy  being  seen 
occasionally.  E.  Koch  *  in  one  of  his  latest  publications,  described  a 
peculiar  cross-form  which  distinguishes  Piroplasma  parvum  from  its  allied 
parasites.  After  a  prolonged  search  this  form  was  also  encountered  in 
the  blood  smears  prepared  from  our  native  cattle,  although  only  in  small 
numbers  (PI.  I,  fig.  1).  However,  we  have  not  as  yet  observed  any 
symptoms  characteristic  of  coast  fever  in  our  infected  Japanese  cattle, 
although  the  parasites  found  therein  might  morphologically  be  identical 
with  Piroplasma  parvum  Theller.  There  are  diverse  views  in  regard  to 
the  pyriform  body  of  this  species.  Some  observers  believe  that  the  pyri- 
form body  occaeionaly  met  with  in  the  blood  of  an  animal  suffering  from 
coast  fever  rather  represents  a  mixed  infection  with  "Texas  fever,"  while 
others  consider  it  to  be  a  distinct  form  occurring  in  the  life  cycle  of 
Piroplasma  parvum,  as  is  the  ease  in  the  other  varieties  of  this  group.  . 
In  support  of  the  latter  view  it  may  bo  stated  that  we  have  observed  the 
large  pyriform  body  occurring  regularly,  although  in  small  numbers,  in 
the  circulating  blood  of  every  infected  animal,  and  in  Japan  an  infection 
with  Texas  fever  is  out  of  the  question. 

•Am.  Med.  (1904),  8,  932. 

'Quart.  J.  Micr.  8c.  I.Kind.   (1905),  48,  36T. 

'ZOcftr.  f.  Byg.  u.  Infectionshrankh.,  Leipz.   (190B)    54,  189. 

'Deutsche  med.  Wchnseh.   (1905),  47,  186S. 


Hosted  by 


Google 


CULTIVATION    OF   A   BOVINE   PIROPLASMA.  85 

As  is  already  known,  the  parasite  Piropiasma  parvum  is  also  char- 
acterizeii  by  the  fact  that  the  infection  can  not  be  transferred  by  the 
inoci:lation  of  the  blood  itself,  and  in  this  respect  we  have  observed  that 
it  differs  greatly  from  its  allied  organisms,  P.  Mgeminum,  P.  earns,  etc-; 
however,  on  the  other  it  shows  a  great  similarity  to  "Hasmoprotens" 
which  is  a  common  parasite  in  t!ie  blood  of  birds. 

Oiservation  2. — Since  the  discovery  of  the  important  r6)e  taken  by 
ticks  in  infections  with  piroplasmata,  many  observers  have  in  vain  endea- 
vored to  prove  the  existence  of  the  developmental  forms  in  the  bodies 
of  the  ticks  which  live  on  infected  animals.  Very  recently  an  actual 
demonstration  of  a  developmental  change  of  the  piropiasma  was  given 
for  the  first  time  by  R.  Koch.*  He  described  certain  developmental 
forms  of  Piropiasma  higeininum  and  P.  parvum,  the  final  stages  of  which 
are  as  yet  unknown.  After  his  work  was  published,  we  endeavored  to 
repeat  his  experiments  by  feeding  the  cattle  tick  Rhipicephalm  australis, 
which  is  found  abundantly  on  the  native  cattle  of  Japan  and  is  regarded 
as  being  a  probable  carrier  of  Piropiasma  parvum.  After  several  unsuc- 
cessful trials,  my  efforts  were  ■  directed  toward  the  cultural  method  by 
which  Rogers  and  other  observers  were  able  successfully  to  demonstrate 
the  flagellate  stage  of  the  Leishman-Bonovan  bodies. 

The  following  different  culture  media  were  tested  in  our  preliminary 
experiments  on  the  cultivation  of  the  piropiasma;  blood  agar,  sodium 
citrate,  both  acidulated  and  nonaciduiated ;  beef  extract,  peptone  water; 
calf's  serum ;  physiologic  salt  solution ;  common  bouillon,  etc.  On  the 
4th  of  July,  1906,  we  first  observed  a  few  motile  organisms  in  one  test  tube 
which  contained  a  small  amount  of  infected  blood  mixed  with  acidulated 
sodium  citrate  solution,  prepared  according  to  the  method  of  Rogers. 
The  entire  series  of  cultures  was  then  carefully  examined  but  no  evidence 
of  development  of  any  motile  organism  was  obtained  except  in  the 
bouillon  ones.  This  medium  was  apparently  the  most  favorable,  large 
flagellates  having  abundantly  developed  therein  after  four  days'  incuba- 
tion at  a  room  temperature.  Only  a  slight  multiplication  of  the  or- 
ganisms took  place  in  the  first  culture  which  we  obtained  in  acidulated 
sodium  citrate. 

The  length  of  the  organism  at  its  full-grown  stage,  as  it  is  observed 
in  cultures,  is  about  five  times  the  diameter  of  an  erythrocyte.  It,  at 
this  time,  possesses  a  well-defined  undulating  membrane  and  a  long 
flagellum.  The  position  of  a  nucleus  and  blepharoplast  in  the  body  of 
the  flagellate  renders  it  impossible  to  distinguish  it  from  a  typical  try- 
pauosoma  developed  in  a  culture.     (PI.  Ill,  fig.  S.) 

The  method  which  we  have  employed  is  a  simple  one>  and  is  practically 

I.  Infectionskrankh.,  liei^z.  (1908) 
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the  same  as  that  used  bv  liogers. '"  The  blood  containing  intracellular 
paraaites,  is  drawn  from  the  jugular  vein  and  then  quickly  defihrinated 
under  strict  precautions  so  as  to  avoid  bacterial  contamination;  it  is 
then  directly  mixed  with  ordinary  nutrient  bouillon  in  proportions  vary- 
ing from  one-fifth  to  one-tenth,  and  placed  aseptically  in  sterile  test- 
tubes  which  thereafter  are  maintained  at  a  temperature  of  30°  to  30°  G. 
The  development  of  the  parasites  in  a  suec^sful  culture  takes  place  in 
the  following  manner:  On  the  first  day  no  motile  form  is  seen;  on  the 
second,  there  can  be  observed  a  certain  number  of  peculiar  cells  which 
occupy  the  upper  layer  of  sedimented  corpuscles  and  which  macro- 
scopically  appear  as  a  sines  of  nhitish  dots.  Very  few  motile  forms 
resembling  typical  trypannsomata  are  Msible  in  these  cells  on  the  third 
day  after  incubation,  but  thereafter  the  trypanosomata  multiply  vigor- 
ously and  reach  the  maximum  number  between  the  tenth  and  fourteenth 
day.     (Pi.  Ill,  fig.  13  ) 

In  a  culture  kept  at  room  temperature  the  trypanosomata  remain 
motile  until  forty-five  dajs  later,  at  this  time  most  of  them  have  under- 
gone degeneration  and  globular  Lell=!  with  irregular  granulations  result. 
In  a  culture  preserved  at  i  lower  temptrature,  ranging  from  10°  io  30° 
C,  the  organism  on  the  contrary  remains  alive  until  three  months 
after  the  maximum  number  has  been  reached  It  is  noteworthy  that  sub- 
cultures are  also  readily  obtained  by  inoculating  from  the  original  strain 
into  a  new  blood  bouillon  as  in  the  case  of  Trypanosoma  lewi^. 

The  most  important  factor  m  securing  the  multiplication  of  the  para- 
sites essentially  consists  m  great  precautions  in  avoiding  the  slightest 
contamination  with  bacteria,  ae  is  the  case  with  other  cultures  of  protozoa. 

We  have  already  made  miseroseopieal  examinations  of  the  blood  in 
over  200  cattle  and  among  them  not  one  has  proved  to  bo  infected  with 
trypanosomata;  moreover,  all  varieties  of  bovine  trypanosomiasis  are 
entirely  unknown  in  our  country,  at  least  up  to  the  present  time  no 
one  has  demonstrated  a  case  of  such  infection. 

As  is  well  known,  there  are  many  protozoan  parasites  which  infect  a 
Uving  host  without  the  latter  manifesting  any  pathological  symptoms; 
it  is  also  a  fact  that  microscopic  examination  is  not  as  delicate  a  means 
for  the  detection  of  a  small  number  of  parasites  as  is  the  culturaJ  method, 
which  is  essentially  used  in  the  study  of  bacteria.  From  a  consideration 
i  conditions  it  seems  more  natural  at  once 'to  consider  the  tryp- 
a-liko  fiagellates  found  in  our  cultures  to  be  true  trypanosomata, 
which,  owing  to  their  extremely  small  number  in  the  original  blood, 
would  fail  of  detection  by  means  of  the  microscopical  examination  alone. 

However,  the  relation  between  piroplasma  and  trypanosoma,  although 
supported  by  the  views  of  Schaudinn  and  other  observers,  is  still  a  question 

"Uincet    (ia05)    1,  1684, 
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of  much  interest  and  one  which  needs  further  investigation  and  therefore 
our  observations  on  the  parasites  were  e^ctendid  further  The  results  of 
this  study  are  here  presented  m  as  brief  a  nianner  aa  possible 

Obsenaiton  3— Twenti  one  natue  cattle  were  carefulh  examined 
both  b^  microscopK  ind  cultural  methods  at  the  'lame  time  Of  this 
number,  nine  were  shown  by  microbcopit  e\aminAtion  to  be  infected  with 
PiTOplasma  partum  in  only  seven  of  tliese  ca^eh  were  tht  flagellate 
orp^anigmB  found  in  the  cultures  jn  the  remaining  two,  the  cultures 
gave  no  grcwth  of  flagellates  Alicroscopic  tests  f^lled  to  detect  any 
parasite  m  the  other  twehe  cases  and  similarly  the  cultural  method 
gave  a  negatne  result  Therefore  the  almost  constant  occurrence  of 
piroplasma  m  the  blood  and  nt  flagellates  in  the  culture  renders  the 
eMatence  of  certain  relations  between  them  very  probable  and  we  can 
hardly  regard  this  occurrence  as  a  mereh  accidental  phenomenon 

I  have  also  astertamed  the  minimum  doses  of  infected  blood  whieli 
would  gi\e  a  growth  of  tho  flagellates  m  cultures  For  this  purpose  a 
freshly  prepared  culture  medmm  was  used  which  consisted  of  the  blood 
of  an  uninfected  calf  or  rabbit  and  common  bouillon  Each  tube 
of  the  blood  bouillon  wa'  inoculated  with  a  different  amount  of  the 
infected  blood  which  hirbored  a  fair  number  of  mtraglobular  parasites 
I  haie  obtained  some  interesting  results  from  a  series  of  experiments 
along  this  hne,  namelv  that  the  q\iantit\  of  the  incubated  material  is 
a  matter  of  indifference  in  respect  to  the  development  of  trvpanosomata 
m  the  cultures  since  one  platinum  loop  full  of  the  blood  gave  exacth 
the  same  result  as  if  one  cubn  centimeter  of  the  aame  material  was  used 
In  other  words  the  germ  which  gnes  rise  to  tr> panosomata  in  the 
culture  exiate  even  m  so  small  an  amount  of  the  blood  as  one  platinum 
loop-full  or  one  drop  These  facts  luggested  a  possible  means  of 
detecting  the  flagellates  bi  direct  blood  examination  if  thev  e\i8t  origi 
nally  in  tho  htood  of  an  infected  calf.  However,  a  large  number  of  blood 
preparations,  both  fresh  and  stained,  were  thoroughly  investigated,  but 
no  flagellates  were  observed.  This  mode  of  observation  was  repeated 
several  times,  but  every  series  gave  negative  results.  Furthermore,  we 
have  centrifugated  a  mixture  of  the  infected  blood  and  salt-solution  at 
a  low  temperature,  to  prevent  a  possible  development  of  the  parasites. 
The  sediment  was  than  removed  drop  by  drop  from  the  upper  layer  of 
the  centrifugated  material  and  subjected  to  careful  microscopic  examina- 
tion. It  was  expected  by  this  procedure  to  obtain  direct  evidence  of  the 
existence  of  trypanosomata  in  the  blood,  but  our  trials  failed  to  detect 
any  motile  or  flagellated  organism. 

Observation  J,. — The  most  effective  evidence  in  favor  of  the  view  that 
the  flagellates  originate  in  the  culture  may  be  secured  by  a  morphologic 
study  of  each  developmental  stage  of  the  parasites,  but  many  difficulties 
are  encountered  in  such  investigations.     On  the  one  hand  the  scanty 
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number  of  the  pyriform  bodies  in  the  material  treated  renders  tlie  work 
most  difficiilt  and  on  the  other,  when  a  flagellate  once  starts  to  develop 
in  the  culture,  it  multiplies  so  quickly  as  very  much  to  interfere  with  the 
work  of  trscing  each  developmental  stage.  After  extensive  researches, 
certain  interesting  forms  of  the  parasites  were  found  in  the  stained 
films  prepared  from  young  cultures,  which  afterwards  gave  a  growth  of 
numerous  trypanosomata.  Soon  after  the  culture  was  made  a  few  round 
cells,  which  morphologically  were  identical  with  the  free  piriform  bodies 
were  seen  in  stained  preparations.  (Pi,  I,  fig.  3.)  Within  the  first 
twenty-four  hours  after  incubation,  the  diameter  of  the  round  cells 
(PL  I,  fig.  3)  increased,  and  it  finally  became  twice  that  of  an  erythro 
cyte.  Associated  with  the  enlarged  cells  there  also  were  irieguiar  anus 
bold  forms  (PI.  I,  fig.  4)  similar  to  the  former  in  nature  In  thib  stage 
the  chromatin  of  the  cells  was  distributed  more  or  less  irregularly  m 
the  cytoplasm ;  in  some  it  was  diffused  throughout,  while  m  others  dis 
tinct  chromatin  granules  were  demonstrable-  A  further  advanced  stage 
of  the  parasites  which  occurred  in  cultures  was  a  Mcuolited  globular 
form  which  retained  ifa  staining  property  just  as  noniatuolated  cells  do 
(PI.  11,  fig.  5.)  As  a  result  of  the  distension  of  the  -vacuuie,  the  parasite 
gradually  assumed  the  shape  of  a  large  ring,  of  whiih  the  thukp'^t  part 
contained  some  chromatic  dust.  (PI.  II,  fig.  6.)  In  addition  to  these 
there  were  many  degenerated  cells  of  an  allied  nature,  which  were  prin- 
cipally characterized  by  the  numerous  vacuoles  and  hypertrophic  chroma- 
tin. (PI.  II,  fig.  7.)  The  change  which  took  place  within  the  next 
twenty-four  hours  was  very  interesting.  The  ring-shaped  cells  (PI.  II, 
fig.  8)  in  which  the  chromatic  dust  had  already  become  rearranged  so  as 
to  form  a  large  nucleus  and  a  small  blepharoblast,  transformed  themselves 
into  spindle-shaped  organisms  in  which  no  visible  flagella  wore  present. 
Associated  with  this  form  was  observed  the  flagellated  motile  parasite 
(PI.  Ill,  fig.  9)  which  morphologically  was  almost  identical  with  the 
former. 

Finally,  in  the  72-hour  culture  we  obtained  a  flagellated  form  showing 
the  development  of. an  undulating  membrane  The  size  of  this  form, 
which  was  that  of  a  typical  trypanosoma,  inureasid  and  afterwards  it 
multiplied  in  the  manner  usual  for  true  trypanosomata — that  is,  by  long- 
itudinal fission  (PI.  Ill,  figs.  10  and  11) — thereafter,  as  has  already 
been  mentioned,  the  fullgrown  and  divisional  forms  increased  in  number.'^ 

The  recent  observation  of  R.  Koch'^  in  regard  to  the  developmental 
changes  of  piroplasma  are  of  great  interest,  for  he  described  several  forms 
encountered  in  the  body  of  ticks  which  in  some  respects  resemble  those 
obtained  by  us  in  culture.     In  the  first  plaoe,  hia  most  predominating 

"  A   detailed   aeeount   of   these   developmental    forms   of   Firoplasma   parvum 
must  be  left  for  our  more  complete  paper  on  the  subject. 
^Deutsche  Med.  Wcknsch.   (1905),  47,  1966. 
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forma  are  peculiar  cells,  provided  with  niimerouB  fine,  protoplasmic  proc- 
esses; furthermore,  he  described  a  !arge,  rounded  form  and  a  club- 
ehaped  parasite  which  closely  resembled  the  ookinetes  of  Plasmodium  and 
Haiteridium.  These  important  observations  were  lat€r  confirmed  by 
Kleine^'  who  used  a  different  method  of  investigation.  He  secured  a 
culture  of  canine  piroplasina  by  diluting  the  infected  blood  with  salt 
solution  and  was  also  able  to  demonstrate  the  peculiar,  star-shaped  cells 
and  globular  forms  in  his  cultures.  The  further  developmental  forms, 
after  the  majority  of  the  cells  had  undergone  degenerative  change,  did 
not  appear  in  cultures  of  Piroplasma  cants. 

In  eompariug  the  results  obtained  by  both  of  these  authors  with  our 
own,  we  find  many  points  of  resemblance  in  respect  to  the  morphological 
features  of  the  parasites.  The  star-shaped  forms  described  by  Koch 
and  Kleine  probably  correspond  to  the  amceboid  cells  (PI.  I,  fig.  4) 
found  in  the  early  developmental  stage  of  our  parasite,  though  the  latter 
does  not  possess  such  a  fine  plaeinic  process  as  the  former.  The  globular 
cells  {PI.  I,  fig.  3;  PI.  II,  figs.  5  and  6)  are'a  common  form  occurring 
in  the  development  of  all  cases,  and  the  club-sliaped  ones  figured  by 
Koch  seem  to  correspond  to  the  first  stage  of  the  motile  flagellate  observed 
with  our  parasite.  On  the  other  hand,  the  successful  culture  of  the 
intracellular  parasite  was  first  accomplished  by*Eogers  with  the  Ijcishmau- 
Donovan  bodies.  The  facts  demonstrated  by  the  above-mentioned  authors 
therefore  greatly  support  our  own  observations.  It  may  be  well  here  to 
add  that  the  mode  of  formation  of  a  flagellated  form  in  the  ease  of  our 
parasite  is  apparently  different  from  that  of  others;  especially  does  it 
differ  from  that  of  the  Leishmania  donovani,  which  transforms  to  the 
flagellate  by  direct  elongation  of  an  enlarge<l  globular  form,  whereas  the 
piroplasma,  ^cording  to  our  observations,  develops  in  the  unusual  man- 
ner described  above. 

Observation  5.— The  final  means  by  which  we  are  able  to  reach  a 
definite  conclusion  in  respect  to  the  trypanosomata  consists  of  animal 
experiments  with  the  cultures.  It  is  a  well-known  fact  that  with  the 
parasite  of  coast  fever  (Piroplasma  parvum)  the  direct  inoculation  of  the 
blood  into  cattle,  even  in  a  large  amount,  always  fails  to  give  rise  to  in- 
fection with  the  appearance  of  parasites  in  the  animal  so  inoculated,  and 
as  regards  this  point. the  parasites  investigated  by  us  were  already  proved 
tfl  be  identical  with  Piroplasma  parvum.  We  selected  three  calves  which, 
after  repeated  examinations  by  microscopic  and  cultural  methods,  were 
demonstrated  to  be  free  from  parasites.  The  animals  were  then  in- 
oculated with  a  culture  containing  motile  trypanosomata  in  abundance 
and  as  a  necessary  prere«|uisite  to  the  successful  completion  of  the 
experiment,  they  were  kept  under  such  conditions  that  danger  of  infec- 
tion from  any  source,  especially  from  ticks,  was  avoided.     The  blood 

"Ztgckr.  f.  Eyg.  «.  Infeetionalcrankh.,  Leipz.   (1906),  54,  10. 
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of  the  calves,  after  the  injection,  was  niieroBcopically  and  culturally  ex- 
amined from  time  tc  time  One  of  the  inimals  proved  itself  to  be 
retractne  11  ih  oWrveii}  in  the  ta-^e  of  the  lirctt  inoculation  of  the 
infected  blc  nl  However  the  othcra  were  mtected  with  parasites  whah 
fact  waa  first  proved  ly  the  cultural  method  and  later  dtmonstratel  tt 
be  the  cB.'^e  microscopically  In  one  instance  eight  dav&  after  mocula 
tian  tie  blocd  of  the  susceptible  animal  began  to  give  a  ^owth  of  the 
flagellated  pirasitt  m  culture  whereas  seventeen  days  later  b>  the  aid  ot 
the  micrascope  alcne  the  intracellular  parisitcs  were  visible  m  the  same 
animal  (PI  III  hg  1^  )  The  number  of  our  experiments  on  animals 
16  not  as  >et  sufficientl)  large  f>r  u&  lefinitelv  to  give  the  duration  of 
incubation  of  the  infection  and  other  detail'i 

The  foregoing  discussion  brings  ih  to  the  tollomng  conclusiont 

1  A  variety  of  hamot>tozoa  Ivurwn  as  PiDplasma  partum  can  readih 
be  cultivated  outside  of  the  living  bodv 

2  The  parasites  undergo  the  developmental  change  in  blood  bouillon 
and  fanallv  take  the  foim  6f  a  t>pical  trypanosomi  This  tr^panoboma 
can  nit  be  letected  m  the  blood  if  infected  animals 

3.  A  simple  mixture  of  blood  and  bouillon  is  the  most  suitable  medium 
for  the  cultivation  of  protozoa  such  as  Piroplasma  parvum  and  Trypan- 
osoma leivisi. 
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Fig  1    Blood   amear   from   a   calf   moeulated   with    a    culture   containing   many 

trypanowmata     a   tipical   cro^s  shaped   form   and   manj    intraglobular 

parasites      Mag  about  1050X1 
2    Swelling  of  intracellular  parasite  after  the  blood  is  drawn  from  a  naturallv 

infected  calf      Alag   IjTOXI 
t   Extracellular  globular  parasite  in  a  tliiee  hours   culture  at  25°  C      Mag 

lt70 
4    \mfeboid  pnn-ite  in  a  thioe  btur-   tultvirc  it  2')°  to  10°  (_      Mag   1580 

Plate  II 

tiu  5   Large    globulai    parasite   nith   t«o   small   laeuoles   developed   in   twenty 
houia   cultuie  at  25°  to  SO'  t      Mag   1)70 

6  Large  globulai   forms  with  one  large  \Hcuole  deieloped  in  twenty   hours' 

cultuie  at  2>°  C      Mag    1570 

7  Irregular    laige,  vacuolated  forms  occurring  in  forty-eight  hours    culture 

at  25°  t      Mag   1100 
H    More  advanced  stage  m  the  development  of  the  globular  parasite      Bodv 
ciiacentic       For tv  eight  hours    culture  at  25°  (        Mag    DOS 

Plate  III. 

Fig.  9.  Flagellated  form  occurring  in  a  forty-eight  hours'  culture  at  25°  to  30°  0. 
Mag.  1570. 

10.  Enlarged   flagellate   possessing  two  blepharoplaata   and   flagella  with   but 

a  single  nucleus;   preliminary  divisional  form  occurring  in  three  days' 
culture  at  25°.     Mag.  1305. 

11.  Smear  from  a  four  days' culture  grown  at  room  temperature  (20°  to  27°  C), 

showing   (a)   typical,  dividing  trypanosoma;    (6)   a  slender  flagellated 
form.     Mag.  1305. 

12.  Smear  from  seven  days'  culture  incubated  at  room  temperature    (20°  to 

27°  C. )      Showing  numerous  trypanosomata.     Mag.  820. 
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r.    INTRODUCTION. 


Having  been  instructed  by  the  Surgeon- tieneral  ot  the  Arm>  to  in- 
vestigate the  cause  of  dengue  and  to  detemime  the  po=!8ibibty  ot  the 
transmiasion  of  the  disease  by  mosquitoeB.  we  undertook  the  experiments 
to  be  detailed  below  when  the  opportunity  was  afforded  ns  by  the  occur- 
rence of  the  disease  in  epidemic  form  at  Fort  \\  iJliani  McKiiilcy,  Trovinee 
of  Kizal,  Luzon,  P.  I.,  5  miles  out  of -Manila. 

The  incidental  investigation  of  available  literature  on  the  subject  in- 
dicated to  our  minds  that  a  brief  discussion  of  all  the  features  and  phases 
of  the  disease  would  not  be  out  of  place,  as  there  are  discrepancies  to  be 
reconciled  and  certain  doubts  to  be  settled,  some  of  which  may  possibly 
be  ended  hy  our  conclusions,  while  on  the  other  hand  some  points  on 
which  our  experiments  leave  us  in  doubt  seem  to  be  strengthened  by  the 
history  of  the  disease  as  recorded  in  the  literature. 

The  literature  has  not  been  nearly  as  accessible  to  us  as  we  could 
wish,  and  several  articles,  both  old  and  new,  which  we  desired  to  consult, 
were  not  available. 

The  first  question  that  merits  discussion  in  the  consideration  of  this 
disease  concerns  its  existence  as  a  disease  entity.  At  times  the  question 
of  identity  with  influenza  has  been  raised. 

However,  in  our  opinion,  the  study  of  the  writings  of  those  men  who 
have  had  experience  with  dengue  should  promptly  and  iinally  settle  the 
question.  The  agreement  in  the  descriptions  from  1827  and  1828,  when 
Dickson,  Squaer,  Osgood,  Dumaresq  and  others  wrote  of  the  disease,  down  ■ 
to  the  latest  articles  accessible,  such  as  those  of  Guit«ras  and  Cartaya,  is 
remarkable,  while  the  almost  simultaneous  appearance  from  opposite  sides 
of  the  world  of  two  reports  agreeing  so  closely  throughout  as  do  those  of 
the  Australian  eomniittce  and  of  Guiteras  and  Cartaya,  is  even  more 
striking,  and  the  clinical  picture  drawn  from  these  writings  from  almost 
a  century  of  literature  and  from  every  part  of  the  tropical  and  sub- 
tropical world  is  quite  distinct  and  unique.  It  has  very  little  in  common 
with  the  picture  of  influenza,  and  many  points  of  difference,  and  in  our 
opinion  it  would  be  only  the  exceptional  case  that  would  give  rise  to 
confusion. 

II.    KPIDEMIOI.OGY. 


The  written  historj  of  dengue  extends  back  clearly  aa  far  as  1827,  while  it 
is  quite  probable  that  it  was  recognized  and  described  much  earlier  ;  By  Rush  ( 1 ) , 
in  1780,  as  bilious  remittent  feier  '  by  Boylon,  in  Java,  in  1779,  while 
Thomas  (3|,  speaks  of  Pazzio  deseribing  an  epidemic  in  Seville,  in  1784-88,  which 
was  traced  U>  Africa.  Dickaon  s  (2|  writings,  however,  first  brought  the  question  ' 
into  prominence,  at  least  with  Amerieaiis,  and  his  observations  and  descriptions 
are  applicable  to  tbe  disease  as  it  occurs  to-day. 

The   number  of  writers,   from   the   earliest   down   to   the   present,   who   have 
likened  the  disease,  in  its  causation  and  spread,  to  yellow  fever,  is  very  striking. 
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Foster  aa.vs  that  most  of  them  haip  (onaidered  it  a  modifipd  yellow  teier  Vie 
do  not  so  infer  from  auth  literature  as  ne  have  leen  They  speak  of  it  ae 
having  a  eomraon  tause  hut  aa  these  atatements  were  made  before  tie  specitic 
tftuses  of  an>  of  the  feyera  were  known  «e  take  it  that  the  writers  meant  merely 
that  the  cause  of  both  was  a  miasm  an  atmospheric  condition  the  state  of  the 
ground  water  etc  We  ha\e  not  found  an*  author  nho  states  that  the  one 
disease  may  arise  from  the  other 

The  disease  has  occurred  in  moat  widespread  epidemics  in  the  tropical  an  1 
subtropical  world  not  onh  coiering  large  areas  of  country  but  attacking  a 
greater  pi oportion  of  tie  inhabitants  than  probably  anj  other  known  disease  and 
usuallj  also  affecting  most  of  the  other  members  of  u  family  after  one  haa  been 
attacked  That  being  the  case  it  is  rather  surprising  that  a  belief  in  its 
contagiousness  has  not  been  practically   unnersal 

As  a  matter  of  fact  onh  a  minontj  of  the  authorities  whose  writings  are 
accessible  to  us  hale  e-^pressed  an  unqualified  belief  in  its  contagiousness  while 
many  haie  rejected  it  entirelj 

Dickson  considered  it  yer\  highlj  contagious  while  manj  of  his  contemporaries 
liken  it  to  jellott  fever  in  its  manner  of  prrgression  Most  writers  express  them 
selves  IS  m  doubt  on  the  aiibjett  Uiagg  denied  contagiousness  as  did  Horlbeek 
(41 

Hillidaj  (f  I  wiote  to  sijitj  practitioners  who  had  large  experience  »ith  tie 
disease,  asking  their  opinions  as  to  its  contagiousness  lortyfiie  replied  that 
it  was  simply  epidemic  four  that  it  «as  contagious  t«o  «ere  in  doubt  and  tlie 
rest  did  not  answer 

One  point  on  «hich  the  writers  from  first  to  last  almost  unanimjusly  agiee 
is  the  influence  of  atmospheric  conditioni^  Hot  sultry  weather  witli  abundant 
■  rains,  is  by  all  thought  to  favor  the  occuirence  of  epidemics  Nearly  all  also  agree 
in  stating  that  lowlands  seaports  the  deltas  of  rivers  and  the  neighliorhood  if 
marshes,  are  favorable  places  for  the  occurrence  of  the  disease  while  it  seldom 
prevails  extensiveh  inland   and  almost  never  at  high  altitudes 

If,  in  addition  to  this  we  consider  that  it  la  a  tropical  disease  onh  extending 
as  far  north  as  our  (.ulf  States  and  Charleston  in  the  summer  usuallj  about 
August,  and  dying  out  with  the  coming  of  frost  (6)  we  haie  one  of  tie  reasons 
for  likening  it  to  jellow  fe\er  J  pideroics  haie  possibly  occuired  in  Philadelphia 
in  1780,  and  Ohio  in  1828  though  ne  haie  not  had  access  to  the  original  accounts 
of  these  outbreaks,  but  it  was  only  in  the  hottest  part  of  the  year  in  each  instance. 
Guiteras  and  Cartaja  (7)  say;  "Dengue  presents  in  its  epidemiology  a  great 
resemblance  to  mosquito-borne  disease,  especially  yellow  fever.  Epidemics  appear 
in  the  hot  season,  even  in  the  Tropics.  It  selects  by  preference  the  great  seaports, 
the  coast  and  avoids  the  interior  highlands  We  meet  places  in  which  infection 
persists  epidemics  which  develop  slowly  in  the  beginning  If  it  then  spreads 
rapidly  it  is  because  of  the  shortness  of  the  incubation  and  the  presence  of  many 
susceptible  people  •  •  •  Eyerything  indicates  that  its  transmission  is  not 
direct  from  sick  to  well  •  '  '  It  is  common  for  a  sick  person  to  be  taken  to 
a  place  where  dengue  does  not  exist,  and  no  harm  result  *  *  '  In  Haiana 
itself,  and  at  the  verj  height  of  the  epidemic,  there  was  a  place  m  which  the  disease 
did  not  spread,  simply  because  of  freedom  from  insects.  In  las  Animas  (Hos- 
pital) we  have  treated  a  good  number  of  cases  in  the  same  rooms  with  other 
patients  •  •  ■  without  any  contracting  dengue.  We  have  treated  the  greater 
part  of  our  cases  in  the  pavilion  used  for  infectious  diseases  of  known  means  of 
transmission,  a  pavilion  protected  against  insects  by  metallic  screening  and 
frequent  fumigation  to  kill  mosquitoes,  but  where  other  disinfection  was  not 
practiced,  and  still  dengue  has  not  been  transmitted  to  anyone." 
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Th^  also  speak  of  some  ^perimente  they  made  on  mnsquito  transmission, 
but  they  do  not  publish  the  work,  and  state  that  thpy  attach  little  value  to  it. 

Casamain  (8),  in  reporting  an  epidemic  on  the  Frenth  ship  Kersaint,  suggests 
the  possibility  of  the  mosquito  acting  as  a  "carrier." 

The  Australian  committee  (Robertson)  report  (9)  nays:  '"It  is  undoubtedly 
highly  infectious,  but  clinical  observation  does  not  enalile  us  to  form  any  definite 
opinion  as  to  the  mode  in  whii'h  the  infection  is  carried  from  person  to  person.  In 
some  respeilfl  the  spread  of  the  disease  suggests  some  peculiarity  in  the  method  of 
propagation  differing  from  that  of  the  well-known  diseases,  influenza,  scarlet 
fever,  measles,  etc.  It  ajipeared  to  spread  particularly  to  contiguous  houses, 
whole  streets  being  attacked  sertaiim.  One  observation  appears  to  have  some 
bearing  on  the  method  of  propagation.  That  is,  the  mertieal  men  have,  in  many 
instances,  appeared  immune  to  the  disease,  although  exposed  to  it  daily,  indeed 
hourly,  until  eases  appeared  in  their  own  households,  when  they  fell  victims, 
being  usually  among  the  last  members  of  the  households  to  be  attacked." 

Hirseh  (ID)  says  that  its  infectijusness  i"  certain,  its  contagiousness  doubtful, 
but  he  gives  some  signiflcant  quotations  that  ipggeat  mosquito  transmission.  Thus 
he  quotes  Waring  (North  ^mer  M  &  S  Jour  1830)  as  saying  of  the  epidemic 
of  1826,  "the  breakbone  feier  has  been  suppressed  by  the  frost,"  and  ot  that 
of  1828,  "it  terminates  under  the  effect  of  frost"  Arnold  (11)  he  quotes  as 
follows;  "This  disease  is  undoubted^  affected  b*  frost.  The  diminution  of  cases 
last  fall  was  as  marked  as  the  diminution  in  our  endemic  climate  [yellow]  fever 

Speaicing  of  the  Madias  epidemic  of  1S72  Hirseh  says  that  it  ended  in  the 
middle  of  October  with  the  onset  of  strong  winds  and  colder  weather.  He  also 
cites  instances  to  show  that  freedom  from  epidemics  is  conferred  by  altitude. 

Leichtenstcrn  (12),  although  regarding  the  disease  as  contagious,  makes  the  ■ 
following  su^estive  observations  concerning  it: 

1.  It  is  a  disease  of  tropical  and  subtropical  zones,  and  in  these  zones  it  has 
a  marked  preference  for  the  hot  season,  and  almost  always  ends,  as  if  suddenly 
cut  off,  on  the  recurrence  of  cold  weather  or  the  beginning  of  the  cool  season. 

2.  It  is  a  disease  of  sea  coasts  and  ports,  and  coast  cities,  and  may  go  up  large 
navigable  streams,  as  the  Mississippi.  It  rarely  o".-curs  inland  or  at  high  altitudes. 
When  it  went  4,000  feet  high  on  Lebanon  in  IH89  the  season  was  exceptionally 
hot. 

3.  He  considers  it  a  ''highly  contagious"  disease,  carried  by  ships,  pilgrims 
and  emigrants;  nevertheless,  contagion  alone,  in  the  strict  sense  of  the  term, 
can  not  satisfactorily  explain  its  occurrence  and  sprciad. 

4.  He  calls  it  contagious-miasmatic;  that  is,  it  is  contagious  from  person  to 
person,  but  only  under  certain  conditions  of  time  and  place. 

6.  He  likens  its  manner  of  spread  (he  wrote  prior  to  the  work  ot  Reed,  Carroll, 
et  al.)  to  that  of  yellow  fever. 

Sandwith  (13),  writing  of  the  disease  in  Egypt,  says  it  always  begins  in 
August  and  September,  with  the  rains,  and  ends  in  December,  when  colder  weather 
b^ns.  In  speaking  of  its  relation  to  surface  water  he  says:  "The  conclusion 
would  seem  to  be  that  dengue,  with  its  unexplained  affection  for  coasts,  rainy 
seasons  and  large  rivers,  only  appears  in  li^gypt  when  the  Nile  is  in  its  annual 
flood."  He  believed  the  disease  to  be  contagious  but  cites  instances  that  appear 
to  point  to  some  other  method  of  diffusion. 

Smart  (141  likened  the  disease  in  some  ways  to  yellow  fever  but  said;  "There 
is  sufficient   evidence  of  its  infectious,  if  not  of  its  contagious  properties." 

Fajrer  (16)  says:  "The  degree  of  communicability  as  well  as  the  work  of 
communication  can,  however,  hardly  be  regarded  as  a  settled  question."  He 
quotes  Charles  as  expressing  "his  belief  that  whpn  the  eruption  is  out  the  danger 
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of  communicability  ih  greatest  and  that  on  ur  about  the  tenth  day  when  the 
eruption  has  disatipeared  and  after  carbolic  acid  batl  s  the  danger  of  coramuDioa 
tion  ceases  We  think  that  this  obaenation  is  probably  onrrect  but  explainable 
quite  apart  from  any  belief  in  direct  contagion 

Fayrer  quote?  manl  Indian  medical  officers  who  express  most  divarae  views 
concerning  the  epidemiology  of  the  disease  yet  nearly  all  seem  to  be  readily 
accounted  for  under  i  theorj  of  mo*j«lto  transmisBion 

ManHon  (lb)  does  njt  express  himself  as  belieiing  in  any  special  method  of 
propagation   though  he  quotes  Graham  a  work 

\  an  tier  Burg  (1  )  says  that  epideniita  ire  most  ctmmon  in  the  hot  moist 
season  and  cease  when  the  weather  grows  eoolir  especially  if  very  heavy  rains 
(ccur  accompanied  by  cool  winds  He  thinka  that  dengue  is  \ery  probably 
contagious  but  that  the  contagions  irincijle  is  different  in  character  from  that 
of  smallpox  epidemic  influenza  and  like  diseases  He  states  that  unknown 
exogenous  conditions  are  necessary  for  its  spread  whereftre  many  regard  it  as 
a    confojioMS  miasmatic  disease 

Scheube  (18)  says  that  the  question  of  contagion  is  still  undeci  led  but  he 
considers  the  iisease  one  requiring  unusual  conditions  for  its  spread 

Agramonte  (1<))  expresses  the  belief  that  the  disease  may  exist  in  a  latent 
state  for  weeks  under    onditions  not  as  yet  well  recognized 

Stitt  (20)  says  that  tl  e  disease  is  not  infectious  in  the  same  sense  as  is 
influenza 

Harris  draham  (21 1  in  1003  expressed  his  deflnite  belief  that  the  disease  la 
trxnamitted  by  nios  (uitoes  a^d  cited  some  interesting  experiments  in  support  of 
his  lielfef  This  belief  seimed  well  founded  and  the  experiments  in  support  of  it 
almost  eoncluaive  but  the  \alue  of  his  nork  Mas  impaired  by  tie  fact  that  m 
the  same  paper  he  described  as  the  etiologic  factor  an  intracorpuscular  organism 
with  amcel  oid  moiement  and  in  many  ways  resembling  the  Plasmodium  niatarttF 

It  IS  probable  that  many  workers  having  satisfied  themselves  that  aucb  an 
oigamam  did  n)t  exist  in  the  Wood  of  dengue  concluded  that  Graham  had  worked 
rtith  some  other  disease  and  so  did  not  recognise  the  real  importance  of  his  work 
We  are  unable  to  lelieie  that  the  disease  is  characterized  b\  tte  presence  of  any 
organism  microscopieallj  resembling  that  of  ma i ana  but  we  think  that  our 
observations  do  lend  support  to  Graham  b  concluaiina  as  to  mosquito  transmission 

Carpenter  and  Sutton  (22)  failed  to  transmit  the  disease  by  means  of  mosquito 
bites,  but  we  think  that  we  can  explain  their  failure  more  readily  than  we  can 
the  negative  results  which  we  obtained  in  some  of  our  own  experiments. 


The  epidemic  from  which  we  drew  our  cases  is  of  great  interest,  ae 
we  think  that  its  history  fully  supports  our  helief  that  the  disease  is 
mosquito-borne.  Fort  William  McKinley  is  situated  about  5  miles  from 
the  city  of  Manila,  upon  rolling  land  consisting  of  slight  elevations 
interspersed  with  low,  damp  country.  There  are  stationed  at  this  post 
two  regiments  of  infantry,  two  squadrons  of  cavalry,  one  battery  of  field 
artillery  and  one  company  of  engineers. 

The  infantry  barracks  are  situated  near  a  small  stream  which  drains 
the  lowest  part  of  the  post  in  their  vicinity.  This  stream  is  overgrown 
with  a  rank  tropical  vegetation  and  is  an  ideal  breeding-place  for 
mosquitoes.  The  epidemic  began  in  the  barracks  of  the  Sixteenth  In- 
fantry, which  is  situated  nearer  this  stream  than  any  of  the  other  barracks 
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of  the  post.  Prom  the  Sixteenth  Infantry  the  infection  spread  to  the 
Thirteenth,  and  from  the  Thirteenth  to  the  contiguous  barracks  of  the 
Eighth  Cavalry.  It  is  significant  that  the  battery  of  Field  Artillery  and 
the  company  of  United  States  Engineers  almost  entirely  escaped  the 
infection,  and  that  their  barracks  are  situated  at  least  3  niile.s  from  this 
stream,  upon  high,  well-drained  land. , 

The  tables,  and  map  which  follow  show  the  manner  in  which  the  disease 
spread  from  barrack  to  barrack  and  through  the  post.  The  stream 
mentioned  is  indicated  upon  the  map  in  red. 

TahU  iHiislraHnglJieiprend  of  dengue  fever  at  Ibrt  William  MfKinUn  from  Jnly  1,  1906, 
to  November  1,  1906. 
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Tabu  illuttratiiig  the  »t>read  0/ deitgiu  feeer  ut  FoH  WU^am  McKMey  from  July  1,  1!>06, 
to  November  1, 1906 — Continued. 
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Tabie  shomitg  the  strength  of  raiiA  eomjMiny,  the  number  iij  cases  of  dengue  fever,  < 
percentage  infected  in  the  Sieleenlk  latd  Thirteenth  Regiments  of  Infantry. 
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Tbbk  xhowing  the  strength  of  each  company,  the  number  of  caeee  of  dengue  fcrer,  and  the 
ptreeiitage  infected  in  the  Eighth  Cavalry. 
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From  the  above  tables  it  will' be  seen  that  the  greatest  ratio  of  infec- 
tions in  any  one  company  was  in  Company  H  of  the  Thirteenth  Infantry 
where  58  per-  cent  of  the  men  were  infected,  while  in  Company  E  of 
the  Sixteenth  Infantry  only  one  man  was  infected,  but  this  company  left 
the  poet  during  the  early  days  of  the  epidemic  and  thus  can  not  be 
considered  in  this  relation.  It  should  also  be  remembered  that  Com- 
panies A,  B,  C,  D  of  the  Thirteenth  and  E,  F,  G,  H  of  the  Sixteenth 
were  absent  from  the  post  after  August  13,  1906. 

In  considering  this  table  it  will  be  noticed  that  the  epidemic  of 
dengue  began  in  the  Sixteenth  Infantry  upon  July  1,  reached  the 
Thirteenth  Infantry  July  7,  and  the  Eighth  Cavalry  not  until  July  29. 
It  should  be  stated  that  the  barracks  of  the  Eighth  Cavalry  are  at 
a  considerable  distance,  at  least  1  mile,  from  those  of  the  Sixteenth 
Infantry,  which,  if  we  consider  the  disease  to  be  mosquito-borne,  will 
account  for  the  long  period  of  time  elapsing  between  the  infection  of 
the  two  organizations. 

On  August  1,  1906,  the  First  Battalion  of  the  Thirteenth  Infantry 
and  the  Second  Battalion  of  the  Sixteenth  were  ordered  for  field  service 
in  Leyte,  P.  I.,  and  were  still  absent  on  this  duty  on  November  1,  1906. 
At  the  time  the  First  Battalion  of  the  Thirteenth  Infantry  left  Fort 
McKinley,  58  men  had  been  sent  to  the  post  hospital  suffering  from 
dengue.  No  cases  developed  in  this  battalion  on  its  voyage  by  boat  to 
Leyte,  nor  have  any  cases  developed  in  the  battalion  in  Leyte.  If  dengue 
were  a  contagious  disease  this  certainly  would  not  have  been  the  ease, 
but  removal  from  the  focus  of  infection  and  from  the  disseminator  of 
the  infection — that  is,  the  mosquito— resulted  in  a  complete  disappearance 
of  dengue  from  this  battalion. 

At  the  time  the  Second  Battalion  of  the  Sixteenth  Infantry  left 
Fort  McKinley,  on  August  13,  dengue  had  just  appeared,  this  battalion 
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only  having  sent  about  if)  cases  to  the  post  hospital  sufEermg  fmni  the 
disease  three  (ia\«  before  leaving  it  sent  'i  more  but  no  casCh  developed 
upon  the  voyage  to  Le^te  nor  have  an\  tase''  appeared  m  this  battalion 
since  arrning  m  Levte  It  seeing  to  us  that  tht  almost  mttint  diaap 
pearance  of  dengue  from  these  battalions  upon  their  removal  from  F(  rt 
Mch.inlc>  anl  their  vovage  b\  ^ea  to  Levte  is  almost  positive  proof  of  the 
relation  of  thi  mosquito  to  the  transmisBion  of  the  disease  It  is  obvious 
that  no  mo=iquitoes  were  present  upon  the  boat  and  that  i-  jrobabh  no 
cases  were  infected  previously  to  embarking  the  mosquitoes  n  Le\tc  did 
not  become  infected  and  therefore  denjfue  did  not  contmuf  in  the^L 
troops 

Another  fact  of  nnportance  m  considering  the  transmiBsion  ot  thit. 
di''eafte  is  the  manner  in  which  it  spread  from  barrack  to  barrack  If 
the  disease  were  pureb  contagious  v*e  would  e\pect  contiguous  barracks 
to  become  infected  in  order  As  a  matter  of  fact  as  shown  b^  the  map 
m  which  the  barracks  are  numbered  in  the  order  in  which  thev  became 
infected  eontiguou=i  barracks  did  not  alna\s  become  infecrted  m  the 
order  one  would  suppoue  thus  of  two  hamcks  =itanding  side  b>  aide 
one  might  be  mtected  two  or  three  weeks  betore  the  other  whereas 
another  ^several  hundred  \ards  distant  from  the  fiist  might  be  the 
second  cue  to  become  infected  A  careful  stud>  of  the  map  wdl  show 
that  this  IS  true  m  a  great  man\  instances  and  it  can  be  explained 
we  think  by  the  erratic  flight  of  an  infected  insect  Such  as  the  mosquitt 

Lack  of  contagion  is  strongly  suggested  b\  the  fact  that  althiugh  over 
400  cases  of  deng\ie  were  treated  in  the  general  medical  wards  of  the 
post  hospital  and  although  no  special  means  were  employed  to  prevent 
contagion  m  cases  developed  in  the  wards  except  m  three  attendants 
who  were  on  night  dutv 

In  our  own  camp  where  the  patients  unlor  our  ;)bservation  were 
treated  v.e  have  had  12b  cases  Here  no  person  devebped  the  disease 
except  after  inoculation  and  in  consequence  thereof  though  attendants 
and  patients  mingled  freely  and  we  male  every  effort  as  will  be  seen 
m  the  detailed  report  of  cases  to  tonvev  the  disease  by  fomites  or  air 
Vie  had  dengue  patients  and  well  men  sleep  together  eat  together  and 
wear  one  another  h  clothing  both  sick  and  well  meanwhile  abstained  from 
bathing  and  used  a  common  close  stool  kept  m  the  tent  with  them  \11 
thesickrecoveredandnoneof  the  well  men  devebped  the  disease  through 
out  the  experiments  unless  they  were  inoculated  later 

We  therefore  feel  justified  in  statmg  that  dengue  is  not  contagious 
and  think  that  the  history  and  epidemiologv  taken  m  cmnection  With 
Giraham  B  wcrk  and  what  we  later  detail  justify  the  correlative  state 
ment  that  the  disease  ts  moiqutto-horne 
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Tlie  etioloRipal  factor  (Mincemed  in  tl  e  eBusation  of  dengue  has  been  long  and 
patiently  sought  for  hi  almo-ft  eiery  investigator  nlo  has  studied  the  disease 
thus  nearly  every  Jluiil  secreliun  and  excretion  of  the  body  lias  been  examined 
and  as  might  be  evptcted  not  a  few  obserieis  have  announced  from  time 
to  time  the  discoverj  of  a  caufitue  orpinlsin  Manv  of  these  so  called  discoi 
eries  were  made  during  the  dawn  f  bactenoi  gioal  science  and  a  perusal  of 
the  methods  adopted  in  isolating  the  organums  deienbed  as  well  as  the  de^crip 
tion  of  their  morphologj  is  sufficient  to  proie  their  absolute  lack  of  scientific 
aceuraci  Tlierefore  we  have  not  deemed  it  necessary  to  review  such  contri 
butioni  but  among  the  many  who  have  investigated  tlie  etiolog*  of  tl  is  disease 
there  are  a  few  whose  observations  demand  consideiation  Among  these  may  be 
mentioned  McLaughlin   Graham   Carpenter  and  Sutton   Guiteras  and   igramonte 

The  early  investigations  regarding  the  etiology  of  dengue  Here  directed  tottard 
a  bacterial  cau=e  hut  within  tie  past  few  years  the  increasing  importance  tt  the 
protozoa  in  tl  e  etiology  of  di  ease  1  as  turned  the  current  of  investigation  and 
almost  all  (f  tl  e  work  which  has  been  done  upon  tl  is  subject  by  recent  investi 
gators  has  been  founded  up  n  the  belief  that  the  disease  is  caused  by  some 
protozobn   probably  by  one  inhabiting  the  blood 

However  despite  tl  e  fact  tl  at  a  great  amount  of  labor  has  been  expended  in 
the  search  for  a  bacterial  or  [rotozoal  organism  it  is  surprising  h<w  few  records 
of  this  H  irk  there  are  and  upon  inalysis  how  unsatisfactory  the  onclusions 
arrived  at  Perhaps  in  no  other  disease  as  common  and  as  thoroughly  studied 
elinieally  as  dengue  is  there  so  limited  a  literature  concerning  its  parasitic 
etiology  and  it  must  be  idmitted  that  this  is  one  of  the  infecliona  of  man  whicl 
up  to  the  present   his  baffled  all  atten  pts  at  a.  solution  of  its  etiology 

The  earl  est  attempt  based  upon  bacteriological  methods  to  discover  the 
organism  causing  dengue  vvas  that  of  McLaughlin  (23)  The  descriptions  of  his 
e\perinienta  are  detailed  and  the  results  obtained  are  of  interest  but  viewed  in 
the  light  of  the  approved  bicteriological  methods  of  t  day  are  open  to  very  severe 
criticism  and  have  not  been  confirmed  bi  late  observers 

McLai^hlin  whose  observations  were  published  in  1886  believed  in  the  directly 
contagious  character  of  the  disease  and  that  organisms  cf  i  bacterial  nature 
existed  m  the  Wood  of  the  infected  individuil  He  examined  both  fresh  and 
stained  specimens  of  blood  and  cultures  from  blood  made  upon  nutrient  gelatins 
He  also  made  microscopical  e-iaminations  f  the  vomiius  and  urine  and  endeavored 
to  secure  cultures  of  the  organism  by  partially  filling  sterilized  glass  bulbs  with 
blood  from  a  vein  and  alkning  the  blood  sn  obtained  to  incubate  for  weeks  and 
even  months  Bi  this  method  he  exan  ined  but  one  case  but  bv  the  methods 
previously  given  he  studied  fortv  In  the  bloid  of  everv  cise  he  found 
spherical  micrococci  measuring  one  twentieth  to  one  thirtieth  the  diameter  of  a 
red  blood  corpuscle  and  red  or  purplish  in  color  in  preparations  made  from 
cultures  grown  upon  nutrient  gelatine  the  c  eci  when  in  masses  appeared  black 
or  brown  but  «hen  seen  singly  the  red  color  was  always  distinct  and  character 
istic  In  the  bulbs  mentioned  which  contained  only  blood  (no  biuilion)  the  same 
organisms  were  found  in  pure  culture  after  an  incubation  period  of  from  sii  weeks 
to  three  months. 

While  the  researches  of  McLaughlin  appear  to  have  been  partially  accepted, 
or   at  least   considered  seriously  by  some  writers,  we  regard   them   as  only   of 
purely  historical  interest,  for  reasons  which  are  obvious. 
B3B60 3 
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Klpin  iniestigat^d  \eij  carefully  the  leport  of  the  presence  of  a  short  baeilluB 
in  the  blood  of  dengue  ea'ies  and  eoncluded  that  tlieie  nas  not  sufficient  evidence 
to  prove  tlie  constant  association  of  tins  or  iiij  other  organism  «ith  the  disease 
Wnght  was  unable  to  demonstrate  ar>  organism  as  concerned  in  the  etiology  of 
dengue  and  Bimilai  lesults  foUuwed  the  investigations  of  Liookshank  and  Mac 
radjen 

The  obaeiintions  of  Graham  <21)  of  Beirut  publinheil  in  11)03  anakened  in 
creased  interest  in  the  etiotogj  of  this  puzzling  dineaee,  and  a  considerable  amount 
of  work  lias  since  been  done  with  the  ob|eet  of  confirming  or  disproving  his  results 
Grahams  investigations  nere  carried  out  in  Beirut  SvriB  and  resulted  in  the 
announcement  bv  him  that  dengue  is  dui.  to  a  protoEoJln  inhabiting  the  red  blood 
corpuscles  9«d  doselv  resembling  the  plnsniodit  of  malaiia  except  for  the  abaenci 
of  pigment  He  examined  the  bhod  of  over  one  hundred  cases  but  in  his  com 
munication  regarding  the  subject  he  does  not  state  in  how  mun\  of  these  he 
found  the  parasite  but  a<lmits  that  he  was  unable  to  demonstrate  it  in  stained 
smears  of  the  blood  As  described  h\  Giahatn  the  parasite  iirst  aiipeais  is  a 
small  lL>aline  rod  or  dot  nithm  the  red  blood  corpuscle  constant^  changing  its 
position  the  motilitv  in  some  instances  being  lery  marked  later  the  jiarasitt 
increases  in  size  appears  to  piesent  tvpical  amflehoid  motion  and  tmally  almost 
(ills  the  red  corpuscle  or  lupturing  it  becomes  free  in  the  plasma  iiliere  it  verj 
soon  degenerates  No  sporulating  forms  are  described  nor  any  other  method  of 
ipproduction  in  man  Tlie  organism  is  nevei  observed  to  contain  any  pigment 
He  states  thit  he  has  found  the  same  bodies  in  the  blood  of  patients  suffering  from 
second  and  third  attacks  of  the  disease 

From  the  results  which  this  investigator  obtained  in  transmission  expeuments 
to  be  mentioned  later  he  believed  that  the  organism  described  undernent  a  develop 
mental  stage  mthin  the  mosquito  and  he  therefoie  endeavored  to  trace  such  a 
ovcle  using  mosquitoes  if  the  genus  ( uiex  faixgane  Wied  for  the  purpose  By 
dissecting  insects  which  had  bitten  dengue  patients  and  examining  the  blood  con 
tamed  in  the  stomach  he  claims  to  ha\e  demonstrated  Ins  piroplasma  like  bodies 
In  the  mosquito  up  to  the  fifth  daj  after  the  biting  and  states  that  the>  undeigo 
developmental  changes  similar  to  those  occurring  in  the  blood  corpuscles  in  man 
He  did  not  succeed  in  finding  any  zygotes  or  any  CMdence  of  se\ual  forms  withm 
the  mosquit*  He  also  claims  to  hate  Dbaer\ed  the  spores  of  this  organism  in 
among  the  cells  of  the  salivary  glands  after  foitj  eight  hours  in  mosquitoes 
which  have  bitten  a  dengue  patient  upon  the  fourth  da>  of  the  disease  he  further 
claims  that  the  spores  lould  he  demonstrated  in  the  sali\arv  glands  of  mosquitoes 
which  had  been  kept  a  month 

(iraham  produced  a  very  severe  ca»e  of  fever  lesembliiig  dengue  by  inoculattng 
a  man  subcutaneous!}  nlth  peptonized  normal  salt  solution  containing  the  salitarv 
glands  of  a  mosquito  which  had  bitten  a  dengue  patient  tvtenty  lour  hours  before 
He  was  deterred  from  fuither  e\perimentation  along  this  line  b\  reason  of  the 
lery  severe  symptoms  produced  in  this  case 

Because  of  the  positive  character  of  Graham  s  statements  his  work  attracted 
widespread  attention  and  encouraged  manj  mvestigators  to  stud>  with  renewed 
energj  the  etiology  of  dengue  but  although  many  experienced  microscopists  have 
endeavored  to  confiim  his  results  none  have  done  so  as  regaeds  the  presence 
of  a  parasite  within  the  blood  corpuscles  With  the  exception  of  Eberle  whose 
description  of  a  pXnsmmba  obviously  applied  to  vacuoles  irtefaits  etc  v^hieh 
are  so  common  in  the  blood  tf  fever  patients  no  investigator  claims  to  hate  been 
able  to  demonstrate  in  dengue  blood  in  natuie  anv  constant  parasite  bacterial  or 
protozLttl 

Carpenter  and  Sutton   (22|   studied  200  cases  of  dengue  upon  the  Isthmus  of 
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Panama  and  examined  both  frenh  and  stained  speciment  of  blood  using  Wright  s, 
Ehrlieh  B  the  Romanoivski  and  Nocht  s  mPthods  as  «el!  as  bacterial  stama 
The>  were  unable  to  demonstrate  Meljaughlin  •<  mierococeus  or  any  other  mi 
croorganiBms  m  the  blood  Tlie\  found  tlie  nonjngmented  bodiei  of  Graham  in 
unstained  specimen''  but  not  in  itained  ints  Tliey  also  found  the  same  bodies 
in  the  blood  in  other  diseases  and  legarded  them  is  being  due  to  netrohiotic 
Lhanges  in  the  red  cells  The\  also  etamined  mosquitoes  which  had  bitten  dengue 
patients   but  found  no  parasites  present  in  the  insecta 

Guiteras  (7)  as  the  result  of  a  very  careful  in\ eatigation  m  Habana  m  loo's 
believes  tliat  Graham  is  mistaken  regarding  hia  organism  and  toneiudes  aftpr 
exutniDing  a  large  series  of  blood  specimenB  taken  during  all  days  of  thP  disease,  at 
various  hours  nnd  stained  by  various  nietlioda,  that  the  blood  contains  no  structure 
resembling  a  parasite. 

TTie  investigations  by  the  staff  of  the  Government  Laboratories  (24)  at 
Manila,  1".  I.,  in  1900  into  the  etiology  of  dengue,  resulted  negatively  as  to  the 
presence  of  a  parasite.  Their  conclusions  were  as  follows:  (1)  In  dengue  fever 
there  is  no  leucocytosis;  (2)  the  dilTerential  count  of  the  white  corpuscles  in  this 
disease  show  normal  propoitions  of  the  several  varieties;  (3)  the  liEematozoOn 
described  by  Graham  lias  not  been  found  present  in  tlie  circulating  blood  of  our 
cases;   (4)   the  "micrococcus  described  by  McLaughlin  has.  not  been  encountered. 

Agramonte  (10),  studying  the  disease  in  Habana  in  1900,  was  unable  to 
demonstrate  any  parasite  in  the  blood,  and  the  recent  researches  of  Kieweit  de 
Jonge  and  de  Haan  (25},  in  Java,  which  were  moat  thorough,  were  also  without 
result.  Stitt  (20),  working  upon  the  subject  in  Cavite,  P.  I.,  was  unable  to 
demonstrate  any  organfsm  in  the  blood. 

Method  of  transmission. — Until  the  publication  of  Graham's  work  practically 
nothing  had  been  done  in  the  way  of  experimental  research  directed  toward  the 
discovery  of  the  method  nf  transmission  of  dengue  fever.  We  have  already 
touched  upon  the  theories  regarding  this  question  in  considering  the  epidemiology 
of  the  disease,  but  so  far  as  we  have  been  able  to  determine,  after  consulting 
all  the  literature  available,  to  Graham  belongs  the  credit  of  first  attacking  this 
problem  in  a  practical  and  scientific  manner.  His  work  aroused  much  interest, 
and  however  he  may  have  erred  in  his  interpretation  of  the  bodies  described  by 
him  as  the  cause  of  the  disease,  we  believe  that  his  experiments  regarding  the 
method  of  transmission  are  most  valuable  and  his  conclusion  that  dengue  is 
transmitted  by  the  mosquito  is  well  founded  and  has  been  experimentally  eon- 
firmed. 

Graham's  expeiiments  regarding  mosquito  transmission  were  briefly  as  follows; 
Four  men  in  good  health  were  selected  and  slept  night  after  night  beneath 
mosquito  bars  containing  mosquitoes  that  had  bitten  dengue  patients.  In  one 
case  the  disease  developed  four  days  from  the  date  of  the  first  exposure,  in  one 
in  five  days,  and  in  one  in  six  days.  In  one  case  the  result  was  negative. 
During  the  time  the  experiment  lasted  the  men  remained  in  their  homes,  where 
there  had  been  no  other  cases  of  the  disease,  and  where  none  developed  later. 
In  order  to  obviate  the  possibility  that  these  men  might  have  contracted  the 
disease  in  some  other  way.  there  being  a  very  severe  epidemic  in  the  city  at 
that  time,  Graham  took  mosquitoes  that  had  bitten  dengue  patients  to  a 
village  situated  in  the  mountains,  where  no  cases  of  the  disease  had  occurred. 
At  this  village  he  liberated  the  mosquitoes  under  the  nets  of  two  young  men, 
living  in  different  localities,  and  orders  were  given  that  the  men  were  not  to 
leave  the  nets  until  permitted.  One  of  these  men  developed  a  very  severe  attack 
of  dengue  in  four  days  after  exposure,  the  other  in  five  days.  The  mosquitoes 
were  destroyed  and  the  men  continued  to  sleep  under  the  mosquito  bars  for  some 
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time  after  reco*ei>  No  other  easea  of  Oie  disease  oicuired  iii  thiR  ullage  Tie 
inosqiiitoeB  used  m  these  e\perjmenti  are  otated  b;  Graham  to  he  Cutex'  fattgais 
Wied  and  the  insecta  were  uied  mthin  a  short  timt  aftei  hiting  infected  patienti 
Graham  further  fltate*"  that  in  Beirut  no  itiopheles  are  to  be  found  but  that 
during  the  dengue  epidemic  the  city  was  infested  with  great  numbers  of  t  ulej 
fattgans  Wied  It  will  be  seen  that  of  Sl-s.  health^  men  bitten  by  infected 
moaciuitoeH   h^e  deieloped  denpie   two  m  four  dais   two  in  fiie  day   and  one  in 

Since  Grahams  evperiments  and  results  were  published  a  few  obaeriers  ha\p 
endeavored  to  confirm  them  but  without  success  Carpenter  and  Sutton  (22) 
experimented  with  \arious  mosqmtoes  vie  Culex  attmulana  Walk  0  iaraalis 
Coq  "^tegomyta  fasoiata  F\ I  etc  but  not  with  Culex /'adflans  Wipd  The  moa 
quitoes  uaed  were  younR  well  grown  insects  reared  by  them  and  kept  for  from 
fire  to  fourteen  days  after  biting  when  thei  were  dissected  and  lery  carefiJh 
etamined  No  protozoa  were  demonstrated  nor  any  other  oiganism  which  tlie> 
regarded  as  of  etiologic  importance  Ihe  authors  regaid  tleir  mosquito  inoculx 
tion  experiments  as  untrustwortl  v  and  state  that  no  dehnile  statements  tan 
be  made  concerning  them  Thej  giie  but  four  experimental  cases  of  moaquito 
inoculation  two  of  whiih  were  negative  one  poRitue  after  sit  days  and  oni 
after  two  weeks  from  the  date  of  moscjuito  bites  the  latter  case  la  obiiouslj  )f  n  t 
yaiue  as  the  intubation  period  is  t  o  long  Tl  e  authors  state  that  the  yoliinteei 
subjects  were  not  only  exposed  to  the  bitea  of  other  mnquitoes  at  all  times 
but  they  were  also  brought  into  almost  daih  contact  with  dengue  cases 

Agramonte  (10)  in  Ifabana  attempted  to  transmit  the  disease  b>  mosquitoes 
trying  various  "pecies  at  various  interiai-i  after  the  insects  had  fed  upon  dengue 
patients  but  was  unsuccessful  in  producing  the  disease  in  this  wa\  He  belieies 
however  that  dengue  is  transmitted  b\  stme  species  of  mosquito  and  that  the 
reason  for  failure  m  experimental  infection  lies  in  some  undisco\ired  fault  m 
tethnique  The  epidemic  he  studied  was  accompanied  bv  a  plague  of  Culex 
faUgana  Wied 

In  Habana  Guiteras  and  Finlay  17)  end(a\urid  to  transmit  the  disease  with 
Cutem  ptpvens  Linn  but  with  negatiie  results  Guiteras  states  regarding  thcRt 
eiperiments  that  their  small  number  and  lack  of  lanety  deprive  the  negatiie 
results  of  a  elaim  to  conclusive  ehaiacter  and  that  their  ftith  remains  unshaken 
that  the  mosquito  is  the  transmitter  of  dengue 

It  IS  rather  surprising  m  view  of  the  scientific  interest  and  importance 
of  this  question,  that  so  littk  has  heen  done  to  prove  or  disprove  the 
results  cliimed  by  Graham  from  his  mosquito  experiments  it  ib  not, 
however,  surprising,  that  those  who  have  attempted  to  solve  the  prohlem 
have  met  with  so  little  eucces«,  for  onlv  tho'ie  who  have  done  so  can  realize 
th<  difficulties  and  disappointments  nhich  await  the  investigator  m  this 
particular  iield  of  research.  In  our  work  upon  this  phase  of  the  subject, 
to  be  detailed  later,  the  experimental  results  obtained,  while  t«  our  own 
satisfaction  proving  that  Cvlex  fatigans  Wied.  transmits  dengue  fever, 
have  been,  at  times,  most  disappointing  and  discouraging;  unknown 
natural  conditions  appear  to  be  necessary  for  the  transmission  of  this 
disease  by  the  mosquito,  and  because  of  our  ignorance  of  the  method  of 
securing  these  we  believe  that  experimental  transmission  by  the  mosquito 
is  rendered  most  difficult  and  that  negative  results  may  he  expected 
much  more  frequently  than  positive  ones. 
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In  attempting  to  sohe  the  etiology  of  3enpie  and  its  method  of 
transmission,  on r  attention  wat  first  ilirettel  to  the  mitroscopical  exam- 
ination of  the  blood  of  patients  suffering  from  the  di  ease  We  have 
already  noted  the  failure  of  numerous  obberiers  to  confirm  the  presence 
of  McLaughlin's  or  Graham  s  organism"  ind  al«o  their  negative  results 
as  to  other  blood  parasites  Despite  these  we  c;)nsidered  that  our  work 
would  be  incomplete  wit}  out  i.  ireful  eximmation  of  both  fresh  and 
stained  preparations  of  the  blofd  and  iccordinglj  we  ha^e  studied 
tlioroughly,  in  this  respect  a  largt  iimher  of  our  ca  e«  the  blood  was 
examined  during  every  period  of  the  disease,  but  especial^  during  the 
first  two  days  and  during  the  terminal  rise  in  the  temperature  various 
staining  methods  were  used  including  Wright  s  sta  n  and  the  methods 
used  in  demonstrating  T  eionemn  pnlhium  The  latter  methods  were 
used  very  carefully  and  n  numerous  cases  as  at  the  time  we  began 
our  work  we  were  greatly  mtlmed  to  belieic  thit  the  organism  concerned 
in  the  etiology  of  dengue  might  belong  to  the  spirochtetfe  We  have  not 
been  able  to  confirm  the  results  of  McT  aughlin  or  Grahim  nor  have  we 
been  able  to  demonstrate  anj  organism  m  the  1  lood  of  lengue  patients 
which  we  can  consider  as  in  etiological  factor 

There  is  but  little  in  the  literature  concerning  tl  e  changes  in  the 
blood  in  this  disease,  and  even  Graham  s  claim  that  the  disease  is  due 
to  a  hsematozoiin  which  de^trojs  the  red  corpuscles  does  not  seem  to 
have  stimulated  research  in  this  direction.  We  shall,  therefore,  in  this 
portion  of  our  report,  detail  the  results  of  our  study  of  the  blood  which 
demonstrate  that,  whatever  the  cause  of  dengue  may  be,  it  is  not  an 
organism  that  influences  to  any  marked  extent  the  essential  characteris- 
tics of  the  blood,  with  the  exception  of  the  relative  proportions  of  the 
various  forms  of  leneoeytee. 

(a)  lIcRmoglohin. — In  uncomplicated  cases  the  hfemoglobin  and  color 
index  are  normal. 

Erythrocytes. — Number:  Dengue  is  not  a  disease  in  which  ansemia 
is  present.  We  have  made  numerous  blood  counts  in  severe  cases,  and 
have  never  observed  a  count  lower  than  4,500,000  red  cells  per  cubic 
millimeter,  even  when  the  count  was  made  at  the  termination  of  the 
disease.  This  fact  alone  appears  to  us  conclusively  to  disprove  the 
existence  of  Graham's  hgematozoon,  which  by  destroying  the  red  blood 
corpuscles  during  its  development  within  them  would  certainly  reduce 
their  number.  We  have  never  seen  a  ease  of  uncomplicated  dengue  in 
which  the  clinical  symptoms  suggested  antemia.  Our  observations  are 
borne  out  by  those  of  Carpenter  and  Sutton  (32),  who  found  that  the  red 
blood  count  in  dengue  was  generally  over  6,000,000  per  cubic  naillimeter. 

Morphology :  In  size  the  red  blood  corpuscles  are  unchanged.  Poikilo- 
cytosis  is  not  commonly  observed,  but  in  some  cases,  during  the  height 
of  the  fever,  a  moderate  degree  of  poikilocytosis  may  be  present.     Crena- 
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tion  does  not  occur  more  rapidly  nor  ia  it  more  marked  in  dengue  than 
in  other  acnte,  febrile  conditions.  Vacuolation  is  common  both  in  fresh 
and  stained  specimens  of  blood,  and  in  many  instances  the  shape  and 
appearance  of  the  yae\ioles  is  very  s^iggestive  of  a  parasitic  invasion  of 
the  red  cell;  artefacts,  due  to  degeneration  of  the  protoplasm  and  clear 
areas  due  to  retraction  of  the  ha;moglobin,  are  common,  especially  in 
poorly  prepared  smears  and  are  well  calculated  to  lead  to  error  because 
of  their  resemblance  to  bacterial  or  protozoal  organisms.  We  have  not  oli- 
served  that  the  appearance  of  the  vacuoles  occurring  in  the  red  corpuscles 
in  dengue  differs  from  that  seen  in  many  other  febrile  conditions, 
but  it  is  certainly  true  that  they  frequently  present  an  appearance  very 
suggestive  of  araceboid  motion  without  change  of  position;  the  progres- 
sive motion  referred  to  by  some  writers  which  we  have  observe<l  in  the  case 
of  rod-shaped  artefacts,  is  proliably  due  to  protoplasmic  currents  within 
the  degenerating  red  cell. 

It  is  not  uncommon  to  observe  in  the  hlood  of  dengue,  as  well  as  in 
that  of  other  febrile  conditions,  cocci  or  bacilli,  either  free  in  the  blood 
plasma  or  attached  to  the  red  bloo<l  corpuscles;  in  the  vast  majority  of 
instances  these  bacteria  are  due  to  external  contamination  and  have  no 
relation  to  the  disease  in  which  they  are  observed;  when  they  are  attached 
to  the  red  blood  cell  and  still  possess  some  motility  their  resemblance  to  a 
parasite  is  often  striking,  but  it  is  possible  by  gentle  pressure  to  dislodge 
them  and  thus  demonstrate  their  real  nature. 

We  have  not  observed  the  presence  of  normoblasts  or  megaloblasts  in 
the  blood  in  dengue,  and  their  absence,  especially  of  normoblasts,  indicates 
that  amemia  even  of  a  mild  typo,  is  not  present. 

The  staining  reactions  of  the  red  corpuscles  in  dengue  do  not  differ 
from  those  present  in  health.  Polyehromatophilia  or  basophilia  we 
have  not  observed,  but  in  poorly  jjrcpared  specimens  the  staining  may  he 
irregular,  suggesting  granular  degeneration. 

Prom  our  obser\-ations  we  conclude  that  the  morphologj'  of  tlic  red 
cell  in  dengue  shows  no  diagnostic  changes. 

(c)  The  leucocytes. — Number:  One  of  the  most  important  blood 
changes  in  this  disease  is  the  presence  in  almost  every  case  of  a  marked 
leucopenia.  From  our  observations  we  are  convinced  that  the  leucopenia 
of  dengue  is  almost  constant  throughout  the  attack,  and  that  it  is  of 
considerable  diagnostic  importance.  We  have  made  leucocyte  counts  in 
a  large  number  of  eases  and  have  invariably  found  a  marked  reduction  in 
the  total  number  with,  as  will  be  seen  later,  a  quite  characteristic  change 
in  the  relative  proportion  of  the  various  forms.  The  lowest  leucocyte 
count  was  1,200  per  cubic  millimeter,  the  highest  4,8(50,  the  average,  3,800. 
Carpenter  and  Sutton  (33)  found  a  constant  leucopenia,  the  lowest 
count  being  1,86C,  the  highest  5,860,  the  average  about  3,500,  per  cubic 
millimeter.  Stitt  (20)  states  that  a  leucopenia  is  always  present,  and  his 
counts  varied  from  1,450  to  5,280  per  cubic  millimeter.     We  have  found 
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that  the  leucopeiiia  is  progressive,  being  most  marktil  upon  the  fifth  or 
sixth  tlay  of  the  disease. 

Morphology :  We  have  observed  no  morphological  changes  in  the  leu- 
cocytes, nor  any  evi<]ence  of  the  presence  of  a  leueocytozoon. 

Differential  blood  count:  From  the  studies  of  Carpenter  and  Sutton, 
and  later  of  Stitt,  the  differential  leucocyte  count  in  dengue  has  assumed 
considerable  diagnostic  importance,  and  taken  together  with  the  leu- 
eopenia  appears  to  us  to  be  entitled  to  very  careful  consideration  in  the 
differential  diagnosis  of  dengue,  yellow  fever,  malaria,  and  the  eruptive 
fevers. 

Carpenter  and  Sutton  (22),  from  their  examinations,  conclude  that  in  dengue 
tlipre  is  always  a  leucopenia,  and  generally  an  increase  in  the  small  lymphoeytes 
and  in  tile  eosinophiles,  the  latter  occurring  late  in  the  disease. 

Stitt  (20)  made  differential  leucocj'te  counts  at  varying  periods  of  the  disease. 
He  found  that  a  marked  variation  occurred  in  tile  dilTerent  forms  of  the  leucocytes 
at  different  periods,  there  being  at  first  a  large  increase  in  the  small  lymphocytes, 
succeeded  by  a  greater  increase  in  the  large  lymphocytes,  and  finally,  during  the 
terminal  eruption,  a  most  marked  increase  in  the  large  mononuclears. 

Because  of  lack  of  time  we  have  made  comparatively  few  differential 
leucocyte  counts,  bnt  our  results  have  been  supplemented  by  those  of 
Lieutenant  Vedder,  Medical  Department,  United  States  Army,  stationed 
at  Fort  William  McKinlcy,  who  kindly  volunteered  to  assist  us  in  this 
direction,  and  whose  tables  and  remarks  are  given  below.  From  our 
own  observations  we  are  loath  to  lay  much  stress  upon  the  variation  in 
the  relative  proportion  of  the  large  and  small  lymphocytes,  as  does  Stitt, 
for  in  many  instances  we  have  not  found  a  constant  relationship  between 
the  variety  of  IjTnphocyte  which  is  increased  and  the  period  of  the  disease, 
but  we  have  found  a  constant  leucopenia,  a  decrease  in  the  polymorphonu- 
clears and  an  increase  in  small  lymphocytes.  In  one  of  our  experimental 
cases  (Case  9)  in  whom  we  produced  a  severe  attack  of  dengue  by  the 
intravenous  inoculation  of  the  filtered  blood  from  another  experimental 
case,  the  leucocyte  counts  made  upon  the  first,  third  and  sixth  days  of 
the  disease,  well  illustrate  the  changes  described  by  Stitt,  as  will  be  seen 
by  the  following  record : 
First  day  of  disease : 

Polymorphonuclears  50 

Small  lymphocytes  41 

Large  lymphocytes  7.5 

Eosinophiles  1-5 

Tliird  day  of  disease: 

Polymorphonuclears  52 

Small  lymphocytes  31! 

Large"  lymphocytes  8 

Eosinophiles  * 

Sixth  day  of  disease ; 

Polymorphonuclears  48 

Small  lymphocytes  H 

Large  lymphocytes  32 

Eosinophiles  9 
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It  w  11  le  observed  tl  at  the  ec  noph  les  showel  a  n  arkel  ncrea  e  as 
the  1  sease  pr  grease  1  an  1  th  <*  I  as  1  e  n  not  ced  m  several  of  o  r  a  es 
fth  le  the  il>o  e  d  ff  rent  al  e  nt  ty]  i  al  of  tl  e  res  It  obta  ne  1  b 
oiiie  obaervers  we  ha\e  found  even  m  a  Inited  nimber  of  examina 
tons  that  it  s  not  of  <'uffici(ntlj  frequent  occurrence  to  Im?  lep  nl  1 
pon  alone  n  reaching  a  diagn  sin  In  fact  n  most  of  o  r  counts  we 
fo  nd  that  the  smill  lym]  hocjtes  outnumbered  tl  e  large  n  e\ery  stige 
of  the  disease 

Vedler  as  a  result  of  his  okcrvations  upon  tie  white  blood  cjunt 
in  leng  le  has  sul  iitted  to  i  s  the  following  lata  H  «  blood  count" 
were  na  1  on  pat  cuts  ri  ffer  ng  fro  i  tl  e  1  oas  oc  rr  ng  n  the  =!an  l 
ejilemic  which  we  la  e  descr]>ol  abo  e  Regard  ng  1  s  r'<>ults  he 
sajs 

The  poly morphonui^Iear  leu  o  j  ten  are  greatly  decreased  and  t)  e  small  ]>  n  pho 
<yt*a  are  greatlj  n  reaaed  vl  1  the  lar  e  Ivmjlocytes  are  noderatelv  a  e  sed 
dui  ng  tl  e  latter  dayi  of  the  11  ess  Tl  eie  1  anges  a  e  to  a  g  e  ter  or  le  b 
legree  eha  aeter  st  e  of  the  d  sease  thro  ghout  its  durat  on  The  de  rea  e  n 
poljmo  phon  lears  and  the  increase  n  sn  all  lympho  yte  tikes  p  »<*  a  oat  at 
once  be  ng    e  y  not  ceable  on  the  second  day  of  the   line  s 

"Vedder  regarlb  tie  d  fterent  il  Icucx'yte  count  as        g  eit     i\  c 
tht,  d  agnos    betiveen  th  s  disease  and  jellow  fc^cr 

The  following  table  gives  in  percentages,  the  results  obtained  l)y  Vcdder 
in  five  eases  in  which  a  differential  count  was  made  on  each  day  of  the 
disease : 


CASE  1. 

Day. 

Leuco- 
cytes, 

Po^ymor- 

lymph!^ 

l|g>- 

s.r- 

Eoaino- 
phlles. 

1 - 

5 
5 

300 
100 

700 

TVrcaU. 
79.50 
50.00 
«.00 
40.00 

Peremt 

43.00 
48.26 
40.25 

4»,8« 

Perixnl. 

5.50 
5.75 

6.30 
8,66 

Percent. 
1.50 

1,00 

Percent. 

i 

g 



CASE  i. 

J 

4,200 
1,809 
6,509 

2,600 

00.00 
40.60 
25.00 

45,00 
80.00 

17,75 
54.88 
45.66 

46.66 

7.50 
8.00 

e.DO 

7.66 

6,33 
11.66 

12  75 

15,00 
1.66 

15.33 

5,650 

g 
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CASE  a. 

Day. 

Leuco- 
cytes. 

Ki'' 

Bmall 

lympho- 
cytes. 

olwre. " 

phJl^r 

A'HmftfT. 

PcTcfnt. 
67.™ 

29.00 
27.00 
SO.  00 

59.25 
U.OO 

Percmf. 

8.25 
10.00 

PerefM. 
1.00 
1.00 
2.50 
2.60 
Z.O0 

FCTCtnl 
1..W 

e,                                            1 

7                                                   1 

37.00 

8li.60 

M.O0 

9,50 

8.00 

J 

fiSM 

33.60 

4.116 
8.50 

1.0O 

o.so 

1.00 
5.60 
3.00 
6.00 
7.26 

41 

50 

50 

CASE  &. 

J 

75  33 

16.00 
45.25 
61.00 

4,50 
13,75 

0.33 
S.0O 
1.00 
2.00 

1.50 

.60 

2.26 
8.28 

2 

46 

00 

The  foilowing  table  gives  the  average  of  ten  differential  counts  made 
on  each  day  of  the  disease  for  eight  days: 

Table  sliotem!/  average  of  Un  eovnla  made  on  each  day  d/  disease  for  eight  day«. 


PIKSTDAY. 

Count, 

!  Polymor- 

Smnll 

'2"" 

ol««"' 

Edslno- 
phlle.. 

1  Percent. 

17.75 

37,66 
22.00 
26.25 
23.00 

Per  cent. 

7,50 
8.00 

6.75 
5.25 

Patent. 

Percent. 
.38 
.25 

85.M 

1 

38 
06 
66 

00 

00 

4 78.00 

7 68,75 

10 

^■^ 

23.28 

4,70 

1.53 
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Table  shomng  average  oj  ten  counts  made  on  each  day  of  dUease  /irr  eight  d 


THIRD  DAY. 


FOURTH  DAY, 


FIFTH  DAY. 
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0/  ten  counts  made  on  each  day  of  dvietme  for  eight  daya—ConVd. 


SIXTH  BAY. 

„„.. 

Polymor- 
cleara. 

Small 

"11- 

Monono- 
clears. 

philes. 

17.60 

5,1.00 
40.33 

34,50 

Perctnt. 
70.60 
49.00 

36.00 
43.33 
4R.33 

,M.33 
84.33 

Percent. 
11.60 

Peree^. 
1,33 

ffl-CBrf. 

0.80 

5 

00 
60 

00 
66 

S7,ll 

48,30  1            9.57 

1.43 

3 

48 

1 

SEVENTH  DAY. 

J 

^ 

56.00 
60.00 

46,00 

14,00 

4.60 

12.50 
12.00 

s 

1,00 

3S.T5 

*l,00 
IS.  25 

25,00  1         67.75 
17.50           M.?5 

Ave 

M.89           50.11 

1001 

2.62 

2.12 

EIGHTH  DAY. 

14.33 
6.38 

13-33 

2,66 

0,75 
2.50 

44.00 

S8.S3 
28.66 

51.33 
37,60 

35.66 

47.50 

36.00 
63.60 

^ 

10 

39.00 

44-86             10.45 

1.53 

4  20 

^ 





Summary. — From  our  examinations  of  the  blood  in  dengue  we  con- 
sider that  the  following  conclusions  are  justiiied; 

1.  There  does  not  occur  in  the  bbod  of  dengue  any  visible  organism, 
either  bacterial  or  protozoal  in  nature,  which  can  be  considered 
cause  of  the  disease.     We  have  not  oliserved  any  protozoiin  in  the  blood. 
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2.  Dengue  is  not  accompanied  by  antemia,  the  red  blood  count  being 
normal  in  uncomplicated  laaes.  There  are  no  charauteriatic  morpholo- 
gical changes  in  the  red  corpuscles,  leucocytes,  blood  plates  or  blood 
plasma. 

3.  Dengue  is  characterized  by  a  leucopenia  and  in  the  vast  majority 
of  instances  by  a  decrease  in  the  polymorphonuclear  leucocytes  and  a 
marked  increase  in  the  small  lymphocytes;  the  increase  in  the  small 
lymphocytes  is  constant  throughout  the  disease. 

{d)  Blood  plates. — We  have  observed  no  changes  in  the  number  or 
appearance  of  the  blood  plates  in  dengue. 

(e)  The  blood  plasma. — In  neither  fresli  nor  stainal  specimens  of 
blood  have  we  been  able  to  demonstrate  any  organism  of  etiological 
significance  in  the  blood  plasma  in  dengue.  In  a  few  instances  bacteria 
were  noticed  hut  from  the  ease  with  which  blood  cultures  collected 
with  the  most  careful  attention  and  asepsis  become  contaminated  in  this 
climate,  we  believe  that  these  bacteria  were  of-exti-rnal  origin.  The 
most  common  bacterium  observed  was  a  long,  stout  bacillus,  actively 
motile,  and  commonly  seen  here  in  blood  specimens  from  various 
sources.  No  organism  resembling  a  protozoon  was  observed  in  the 
blood  plasma.  Yeast  ceils  were  frequent  contaminations  in  stained 
specimens. 


With  the  exception  of  McLaughlin's  researches,  which  have  been  men- 
tioned and  which,  so  far  as  cultural  methods  are  concerned,  were  almost 
valueless,  we  have  not  been  able  to  find  in  the  hterature  any  detailed 
descriptions  of  experiments  having  for  their  object  the  cultivation  of 
bacteria  or  protozoa  from  the  blood  of  dengue  patients.  We  therefore 
approached  this  portion  of  our  task  with  high  hop^  that  by  applying 
modem  cultural  methods  we  might  be  able  to  isolate  and  cultivate  the 
organism  causing  the  disease.  In  view  of  the  success  attained  by  Novy 
and  others  in  the  cultivation  of  trypanosomes,  and  by  Eodgers  in  cul- 
tivating the  Leishman-Donovan  body  {llerpetomonas  donovani),  we 
were  especially  hopeful  that  by  applying  similar  methods  in  this  disease, 
we  might  be  able  to  secure  growths  of  any  protozoon  which  might  be 
present.  As  we  have  stated,  we  were  impressed  with  the  idea  that 
dengue  might  be  caused  by  an  organism  belonging  to  the  same  group  as 
those  producing  relapsing  fever,  or  to  some  closely  allied  group,  and  we 
therefore  endeavored,  both  by  employing  special  staining  methods  and 
culture  media,  to  demonstrate  such  an  organism. 

(a)  Methods. — In  our  experiments  we  have  used  citrated  blood  and 
a^cid  and  alkaline  bouillon  as  culture  media.  In  making  culture  with 
citrated  blood,  the  sterilized  syringe  was  first  filled  with  citrated  solu- 
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tion,  which  was  then  ejected,  a  very  little  being  allowed  to  remain  in 
the  needle;  the  syringe  was  then  filled  with  blood  by  plunging  the  needle 
into  a  prominent  vein  of  the  forearm  and  withdrawing  the  blood  very 
slowly  until  the  barrel  of  the  syringe  was  full;  the  blood  was  then  ejected 
into  small  sterilized  glass  tubes  and  kept  at  room  temperature  in  the 
incubator  or  in  the  lower  compartment  of  an  ice  box,  the  latter  in 
order  to  give  any  organism  undergoing  a  part  of  its  life  cycle  in  a 
cold-blooded  animal,  surroundings  congenial  to  ite  development. 

In  making  blood  cultures  in  bouillon,  10  cubic  centimeters  of  blood 
obtained  from  the  median  basilic  vein  were  added  to  850  cubic  centi- 
meters of  bouillon  contained  in  500  cubic  centimeter  flasks,  and  in- 
cubated at  temperatures  of  from  26°  to  36.05°  C. 

In  preparing  our  cultures  the  utmost  care  was  taken  te  avoid  infec- 
tion, everything  being  rendered  sterile  that  could  be,  but  despite  all  of 
our  precautions  the  majority  of  our  cultures  sooner  or  later  became  con- 
taminateiil  with  various  forms  of  bacteria  or  yeasts. 

(6)  Citrated  blood  cultures.— In  eight  eases  we  have  endeavored  to 
secure  cultures  of  the  organism  causing  dengue  by  citrating  blood  ob- 
tained from  dengue  patients  at  various  periods  of  the  disease.  In  none  of 
these  have  we  been  able  to  demonstrate  any  organism  which  we  can 
consider  to  be  of  any  etiologie  significanee ;  in  none  of  the  tubes  of  citrated 
blood  did  we  encounter  any  organism  resembling,  in  the  least,  a  protozoon, 
and  all  of  the  bacteria  observed  were  evidently  contaminations.  A  small 
diplocoeeus  occurred  in  two  eases,  but  in  the  light  of  our  later  Tvork  on 
filtered  blood  this  obviously  is  of  no  significance. 

(c)  Bowilon  Hood  cultures. — In  twelve  eases  we  used  bouillon  blood 
cultures,  allowing  them  to  incubate  for  as  long  as  eight  weeks.  The 
majority  of  the  flasks  became  infected,  but  in  four  cases  the  blood  cultures 
did  not  show  any  growth  at  the  end  of  eight  weeks,  when  they  were 
destroyed.  A  staphylococcus  grew  in  one  in  forty-eight  hours,  a  diplo- 
eoccua  in  three  in  seventy-two  hours,  accompanied  by  a  large  spor&- 
bearing  bacillus  in  two  of  the  eases;  a.  short,  thick,  motile  bacillus, 
together  with  a  staphylococcus  in  one,  in  four  days  and  various  spore-bear- 
ing baccilli  in  the  remainder.  These  organisms  we  believed  to  be  conta- 
minations and  therefore  we  did  not  perform  any  experimental  work  with 
them.  Our  conclusions  regarding  them  were  confirmed  by  the  result  of 
our  experiments  with  flltered  blood 

As  the  result  of  our  culture  experiments  we  were  forced  to  conclude 
that  no  organism  was  found  constantly  enough  in  the  cultures  to  warrant 
us  in  regarding  it  as  having  an  etiological  relationship  to  the  disease, 
especially  as  a  number  of  them  remained  sterile,  although  kept  for  as  long 
as  eight  weeks. 
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Having  thus  failetl  to  dynionstrat<!  any  organism  in  either  fresh  or 
stained  specimens  of  blood  or  in  our  blood  cultures,  we  directed  our 
attention  to  the  possibility  of  producing  the  disease  by  the  inoculation  of 
blood  from  the  dengue  patient  into  the  healthy  man;  fortunately  for 
the  success  of  our  work  we  were  dealing  with  a  disease  which,  in  the  young 
and  robust,  is  not  dangerous  to  life,  and  for  this  reason  we  felt  justified 
in  making  such  experiments.  We  hoped  in  this  way  to  determine  the 
presence  or  absence  of  the  infective  agent  in  the  blood,  for  should  such 
experiments  prove  successful  they  would  demonstrate  that  the  cause  of 
the  disease  is  in  the  blood,  and  that  therefore,  insect  transmission, 
is  possible,  whereas  negative  results  would  prove  that  the  blood  does 
not  contain  the  organism  unless  it  be  one  that  first  has  to  undergo  a 
developmental  cycle  outside  of  the  Ixidy,  as  in  an  insect,  before  it  can 
produce  the  disease  in  man. 

In  order  to  secure  subjects  for  experiment  a  call  for  volunteers  was 
issued  to  members  of  the  Hospital  Corps  serving  at  the  United  States 
Army  Division  Hospital,  and  four  men  volunteered,  in  all  of  whom 
We  succeeded  in  producing  dengue  hy  the  intravenous  inoculation  of 
Wood  from  cases  of  the  disease.  We  desire  to  express  our  admiration  of 
the  courage  and  devotion  to  duty  of  these  men,  who,  with  no  prospect  of 
pecuniary  reward,  cheerfully  placed  themselves  in  our  hands  for  experi- 
mentation. 

As  more  men  were  needed  and  as  no  more  Hospital  Corps  men  were 
available,  we  consulted  Major  General  Leonard  Wood,  •United  States 
Army,  commanding  the  Philippines  Division,  who  authorized  us  to  offer  a  ■ 
reward  for  volunteering,  as  a  result  of  which  we  secured  many  more 
volunteers  than  we  needed  and  were  forced  to  refuse  a  large  number,  as 
we  were  limited  to  si.iteen,  including  the  men  we  had  already  used. 
Unfortunately,  of  the  fourteen  men  we  have  experimented  upon,  seven 
came  from  Fort  William  McKinley  having  passed  unharmed  through  the 
dengue  epidemic,  and  of  these  men  we, found  two  absolutely  immune, 
three  relatively  immiine,  and  one  doubtful.  Of  the  same  number  of 
Hospital  C^rps  men  who  had  not  hcen  exposed  to  dengue,  we  found 
only  one  immune. 

Of  the  fourteen  soldiers  who  volunteered  for  this  work,  seven  be- 
longed to  the  United  States  Army  Hospital  Corps,  three  to  the  Eighth 
United  States  Calvary,  two  to  the  Sixteenth  United  States  Infantry,  one 
to  the  Thirteenth  United  States  Infantry,  and  one  t«  Company  B., 
Engineer  Corps. 
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INOCULATION  W 


Eleven  of  our  fourteen  volunteers  were  given  intravenous  inoculations 
of  unfiltered  blood  from  dengue  patients,  and  of  these,  seven  developed 
the  disease,  while  in  one  case  the  result  was  doubtful.  In  three  of  the 
cases  there  existed,  apparently,  an  absolute  ■  immunity  to  the  disease. 
These  cases  will  now  be  considered  in  detail. 


Case  1,  Chart  1 — E  i  pmate  HospitHi  t orps  Lnited  State>i  4mn  Hail 
not  been  exposed  to  dengue  At  ^  SO  p  m  luly  24  1006  Jie  ivas  gi\en  an 
intvavenous  injection  of  20  minims  of  unhltered  blood  from  Case  20  (>iee  Cliait 
A).  Th«  patient  from  whom  the  blood  naa  taken  foi  the  inoculation  had  a 
mild  attack  of  dengiie  and  was  probably  nearly  o\er  tlie  di-seaw  at  this  time  We 
believe  that  this  aicounts  for  the  mild  character  of  the  experimental  disease  in 
this  case,  for  while  the  svmptoms  which  uere  present  uere  typical  it  uill  be  Been 
on  referring  to  the  temperature  chart  that  the  fever  was  slight  as  compared  with 
our  other  experimental  case*  Hhicli  were  all  inoculated  witlx  blood  fiom  more 
severe  cases,  faken  at  an  earlier  peiiod  of  the  di-wase  The  following  is  a  r#sumS 
of  the  clinical  record  in  this  case 

July  24:  At  330  p  m  inoculated  intra^ennush  «ith  20  mmmi>"  of  blood  from 
Case  20.     Subject  in  good  health  ani  temperatun  normal 

July  25:   Feels  perfectiv  «ell 

July  20:  Feels  well      No  simptoras 

July  27     Ditto 

July  ''8     Has  some  fp(er  and  hea  iache      Bowel*  constipated 

July  20  Patient  feels  umnnfortaWe  omplaining  if  vague  muscular  pain 
and  burning  and  smarting  of  eie*    eats  an  i  sleeps  faiil>  «ell      Bowels  regi  lar 

Julv  30  Last  night  felt  \ery  uncomfortable  1a\mg  severe  1  eadache  and  pain 
in  eyes  also  pain  in  the  lumbar  muscles  ankles  ulboua  and  wrists  \t  [resent 
(11  a  m  )  eomplaina  of  dull  lieadache  and  shght  lumbar  pain  the  eves  are 
painful  the  pain  being  aggravated  by  moiement  Tongue  moist  and  (lean 
Bo»els  conattpatei 

Julv  31  Feels  n  ueh  better  the  pains  in  the  head  ani  muscles  1  aung  dis 
appeared      A  slight  eiuption  is  present  upon  the  iheat  and  back 

August  2     Feels  «ell      frupt  on  has  faded 

August  0     Returned  to   1  itj 

flenorAs — LTpon  reference  to  the  temperature  thart  (Chart  1|  it  will  be 
observed  that  tbe  temperature  began  to  ascend  about  B  a  m  on  Tuly  28  but 
tie  patient  comilained  of  no  symptoms  until  neaily  twenty  four  lours  later 
Ihe  intutmtion  period  m  tils  case  therefore  is  about  three  dajs  and  eighteen 
I  ours   retkonmg  it  from  the  9am   temperature  on  Tulj  28 

Eaipertmenl  \o   2 

Case  2  (hart  i — W  R  H  private  first  el asa  Hospital  Corps  Not  preiioush 
exposed  to  dengue  so  far  as  known.  In  good  health.  At  II  a  m.,  July  31,  1906. 
was  given  an  intravenous  inoculation  of  20  minims  of  blood  from  Case  30  (Chart 
U),  who  was  suffering  from  a  typical  attack  of  dengue  of  four  days'  duratirai 
at  the  time  the  blood  was  obtained.  No  symjitoms  appeared  in  Case  2  until 
early  in  the  morning  of  August  3,  as  is  shown  by  the  following  rfeume  of  the 
clinieai  record: 

July  31 :   Inoculated  with  dengue  blood  as  stated 

August  I  and  2:   Feels  well. 
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August  3  At  2  a  m  patient  awakene  i  by  pain  in  clie»t  and  -iome  difficulty 
m  bieathing  Thii  soon  paH>ied  a»ai  and  patient  alept  until  morning  Pelt 
well  upon  anakinR  thi«  mornmg  but  txn  developed  sharp  pain  in  tlie  head 
niuBcles  of  the  back  an  1  legs  Complains  alao  of  a  slight  cough  and  pain  m 
the  ejes      Had  slight  chill  at  S  30  p   m    to  day      No  appetite 

\uguat  4  Patient  complains  o£  Be\ere  pains  in  the  lumbar  region  but  ha«  ni. 
headache  Diarrh<pa  i*"  preient  the  stool  being  watery  in  character  No  appetite 
His  general  appearente  is  tjpical  of  dengue 

August  5  Stil!  eomplains  of  the  lumbar  pain  at  )  p  m  complained  of 
abdominal  pain  aceranpaoied  bi  slight  nausea  i  miting  and  liarrhoea  t\i 
eruftion  has  been  >bBeried 

\ugu?t  f     Patient  feels  well 
\uguat   "      Patient  feels  well 

August  B  Has  headache  and  piin  m  muscles  and  jointi  La«t  night  was 
■\eT\i   nervous    almost  delirious      Otherwise  feeli  well 

August  0     Feeling  well      Eetuined  to  duty  Augu-it   14    ICOI 

Remarks-^ln  this  case  the  ineubation  period  as  si  own  by  the  acwmpanMng 
chart   was  approMmateiy  two  da>8  and  nineteen  hours      The  teinpLrature  tune 

15  tjpical  of  a  moderately  severe  case  of  dengue  and  the  symptoms  correaponded 
the  terminal  rise  and  fall  is  well  shown  in  this  ehart  No  eruption  occuried  at 
any  time  although  itherwise  the  symptoms  were  typical  with  the  exception  of 
tlie  diarrh<Ea  which  was  present  for  a  ihort  time  accompanied  b>  nausei  an  I 
vomiting  which  we  regard  as  rather  the  exceptnn  than  the  rule  in  dengue 

Experiment  No    3 

Case  3  Chart  3 — E  W  pruate  first  class  Hospital  Corps  United  States 
Armv  At  the  time  of  inoculation  this  man  was  perfectly  well  and  lad  not  been 
exposed  to  dengue      He  was  git  en  an  intravenous  in  culatiun  at  2  p   m     August 

16  of  20  minims  of  blood  from  tase  iO  (see  Chart  C  I  The  latter  cise  was 
typical  of  dengue  which  at  the  time  the  blood  was  taken  had  lasted  a  little 
oier  three  da>s     The  clinical  rec  rd  of  Case  3  follows 

August  16  Inoculated  with  dengue  blood  at  2  p  m  to  day  the  injection  being 
made  into  a  vein  of  the  f<  rearm 

August  17  and  18     Patient  feels  well 

August  19  Slight  temperature  last  n  ght  b  t  no  headacl  p  i  am  or  other 
symptoms 

August  20  Last  night  patient  suffered  from  headache  [.ain  in  bonis  and 
muscles  of  tack  and  seiere  pain  in  the  knee  articulations  Slept  poorly  This 
morning  has  headache  located  in  the  temporal  region  and  general  muscular 
pain  Eyeballs  are  ten  ler  to  the  touch  and  also  pam  Stomach  and  bowels 
normal  No  appetite  \n  eruption  which  api  eared  this  morning  covers  almost 
the  entile  liody  but  is  especialh  marked  over  the  trunk  and  arms  it  consists 
of  very  fine  slightly  elevated  papules  dark  red  in  c5loi  the  coloi  disappeaiing 
upon  pressure 

August  21  Feels  somewhat  better  tl  is  morning  Has  pam  in  etes  shoulders 
wrists  and  knees  The  eruption  is  still  present  but  is  not  so  Mtid  in  coloring 
as  yesterday      Appetite  poor      Bowels  regular      Tongue  clean  and  moist 

August  23  Patient  had  more  headache  last  night  but  feels  much  better  this 
morning  Is  having  very  little  pain  now  The  eruption  is  still  present  and  the 
itehing  IB  constant      The  bowels  are  loose      Appetite  good 

August  24  Had  headache  last  night  which  caused  insomnia  also  aching 
pain    severe  m  character    in  muscles  and  joints      The  crupticm  has  greatly  in 
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CTeftsed    covering  the  entire  bod;    being  eBpe<rially  narked  over  the  trunk  and 
limbs 

August  26  Patient  slept  welJ  and  all  spnptoms  have  disappeared  except 
slight  headache  and  pain  in  the  eyea  The  eruption  la  fading  and  tbe  itching 
ii  \crv  annoying  there  is  coneidcrable  desquamation  present  in  the  form  of 
small  white  <<cales 

August  2i     Eruption  has  disappeared      Patient  feels  well 

August  51     Hetumed  to  duty 

Bemorfc«— The  mcubation  period  in  this  case  was  Hbout  two  days  and  eighteen 
hours  The  temperature  curie  is  not  as  characteristic  as  is  generally  observed 
hut  the  symptoms  were  \erv  typical  and  the  fact  that  we  were  able  to  produce 
a  very  severe  case  of  dengue  by  the  injection  of  the  Altered  blood  of  this  patient 
piives  bejoni  diubt  the  nature  of  the  diseane  (see  Case  9  Chart  Bt  An 
Interesting  feature  of  this  «>>*  1»  the  eartv  appearanec  of  a  well  martwd  ■enip 
tion  which  after  fading  gradually  increased  again  during  the  prism  and  flnallj 
disappeared  accompame<l  Iv  considerable  desquamation  It  is  also  interesting 
to  note  that  in  the  case  of  dengue  refdri^d  to  as  being  produced  by  the  inocula 
tion  of  filtered  blood  from  this  case  the  eruption  appeared  early  and  presented 
the  same  cbaractensties  Wbile  the  temperature  was  low  the  symptoms  were 
more  severe  than  in  many  others  m  which  the  fever  was  much  greater  and  the 
eruption  uas  almost  as  viell  marked  as  in  any  case  that  «e  have  olfserved 

In  the  three  cases  just  described  the  inoculations  were  made  as  s  ion  as  the 
-Jubject  volunteered  no  previous  experiment  in  the  way  of  exposure  to  fomites  or 
mosquitoes  having  been  tried  In  the  case  which  follows  the  inoculations  were 
ise  1  as  a  final  test  of  immunity  the  men  inoculated  having  been  exposed  to  both 
fomites  and  infected  mosquitoes 

Expenynent  \i>  i 

Case  i  (hart  4 — <-  H  B  private  Troop  A  Eighth  Cavalry  Had  been 
evposed  to  dengue  his  troop  having  had  eighteen  men  on  sick  report  with  the 
disease  At  time  of  volunteering  lie  nas  in  good  health  and  stated  that  he  had 
never  had  any  serious  illness  The  following  is  a  brief  r^um4  of  the  clinical 
recoid  in  this  case 

September  i2  Exposed  to  fomites  of  iengue  liemg  placed  with  three  dengue 
cases  Jn  a  mosquito  proof  tent  sleeping  in  their  beds  and  weaiing  their  under 
clotlies 

September  26  No  leault  being  obtained  from  fomites  after  four  days  the 
patient  is  to  sleep  to  night  under  net  vniix  about  fortv  mosquitoes  which  bit 
Case  38  who  had  a  tjpical  case  of  dengue  (see  Chart  D)  on  the  night  of 
September  25 

September  27     Feels  well      Says  he  was  not  bitten  by  a  single  mosquito 

September  2S  Feels  well  Says  that  he  has  not  yet  been  bitt«n  by  tbe 
mosquitoes 

Septembir  2S  to  October  2  During  this  time  the  patient  has  slept  under  the 
net  containing  the  infected  mosquitoes  but  ilaims  that  he  has  not  been  bitten 
at  all  and  his  statement  is  confirmed  by  the  fact  that  the  mosquitoes  nil 
remained  empty  during  this  time  and  made  no  attempt  to  bite  most  of  them 
dying  vihile  within  the  mosquito  net  He  states  that  so  far  as  he  knows  he  has 
never  been  bitten  by  a  mosquito  although  he  had  campaigned  tn  localities  in  Africa 
which  were  almost  uninhabitable  because  of  these  insects  At  first  we  were 
inclined  to  doubt  his  statements  in  this  respect  but  observation  has  convinced 
us  that  this  man  is  really  immune  to  mosquitoes  ^ 
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October  3  At  10  a  m  the  patient  wis  gnen  intravenously  20  minllna  of 
blood  from  Case  44  (see  Lhirt  El  a  len  tipical  cise  of  dei^:ue  of  about  three 
and  one  half  dais   duration 

October  4  and  6     Feels  nell 

October  6  Last  night  about  10  30  the  patient  eoniplained  of  fe\er  and  miis 
cular  pam?  This  morning  has  seiere  p'jin  m  head  hack  and  iinibs  Face 
greatly  flushed  conjunetiMe  conjiested  BoweN  conatiiated  Ton^'ie  moist  »ith 
thin  white  coating 

October  7  \omited  last  ni^ht  Ha»  leas  pain  this  morning  located  nioallj 
in  the  muscles  of  the  ioins  and  thighs  His  considerable  headache  and  pain  in 
the  eie-j  upon  moiement  Tongue  mii'^t  and  tntirely  cotered  »itb  a  jello«ish 
coat  Bowels  normal  Feel-*  much  liettei  but  still  baa  muicuUr  j>ain  <ind 
headache 

October  9     Feeling  well 

October  10    Had  headache  and  pam  last  night   but  ItvU  Hell  this  morning 

October  15     Returne  i  to  duti 

Remark  !  — The  temperature  curve  in  this  caae  is  one  ofttn  observed  m  naturalh 
acquiied  dengue  and  the  symptoms  throughout  were  topical  of  the  disease 
The  absence  of  an  eiuptlon  is  to  be  noted  not  that  it  is  unusual  in  many  natural 
infections  but  because  jn  our  eiperimental  cases  an  eruption  «aa  almost  always 
present  Thus  of  the  ten  cases  in  which  ne  were  successful  beyond  doubt  in 
producing  dengue  eight  presented  well  n  aiked  eruptioi  s  while  one  \as  sumevihit 
doubtful  in  this  respect 

Case  5  Ghait  5 — C  R  D  seeond  class  priiate  (.ompmv  B  Engineer  (.orps 
United  States  Army  Ihia  man  at  the  time  of  v )lunteermg  was  m  good  health 
but  had  l>een  exposed  to  dengue  duiing  the  Fort  William  McKinley  epidemic 
He  was  observed  for  a  period  of  four  days  before  any  eiperimenta  were  made 
rbe  following  is  the  ciini  al  record  of  this  case 

September  19  At  1  p  m  a  small  abrasion  was  made  on  the  mucous  membrane 
of  his  cheek  an  I  the  patient  then  rinsed  his  mouth  with  blood  from  a  dengue 
case   diluted  with  salt  solution      No  results  were  obtained  from  this  experiment 

October  4  Patient  slept  last  night  under  a  moaquito-hai  with  mosquitoes  that 
had  bitten  a  typical  case  of  dengue  the  night  bef  le  He  was  bitten  seieril 
times  during  the  next  few  nigl  ts  but  dengue  did  not  deielop 

October  22  4t  3  p  m  tu  da>  an  intiavenous  inoculation  of  20  minims  of 
blood  from  a  dengue  case  ((.ase  00  Chart  F)  waa  gnen  the  subject 

October  SI  24  and  2')     Patieat  is  feeling  well 

October  20  At  7  p  m  to-da>  the  patient  complained  of  headache  pain  in 
the  lumbar  reg  on  and  the  legs   and  loss  of  appet  te 

October  and  '8  Pat  ent  con  pla  ns  of  severe  1  eadacl  e  pa  n  n  tl  e  lumbar 
region  and  i  tie  jo  nts  Hs  hands  and  wrists  are  s!  ghtl  s  oHen  a  d  the 
face  arms  and  hands  greatly  flushed      He  is  con  t  pated  and  has  n    appet  te 

Octobe  29  Feeling  much  better  41  erupt  n  has  appeared  pon  the  chest 
and  abdomen  resembi  ng  more  the  erupt  ona  due  to  1  eat  tl  an  a  dengi  e  er  pt  on 
He  18  st  II  constipated  and  1  as  b  t  1  ttle  appetite 

October  JO  and  31  Pat  ent  feeis  well  There  s  a  narked  lasl  o  ei  the  back 
and  chest  wh  eh  upon  the  31st  lad  extended  t  tie  am  s  and  legs  Th  s  rash 
s  a  tvpi  aJ  dengue  rash 

Novenber  1  The  rash  s  still  well  aiked  a  i  a  pre  ent  ver  tie  ent  re 
body   incl  dmg  the  palms  of  tl  e  hands  and  the    oles  of  the  feet 
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November  2:  Patient  feeling  well  and  the  eruption  has  almost  diaappeared. 

November  5;  Returned  to  duty. 

Remarks.^lt  will  be  observed  that  this  patient  did  not  contract  dengue 
through  the  mutous  membrane  of  the  mouth  nor  from  mosquito  bites.  As  re- 
gards the  latter  experiment,  we  can  not  be  aure  that  he  waa  bitten  more  than 
one  or  two  timea  by  mosquitoes.  From  the  intravenous  inoculation  of  dengue 
blood  he  developed  a  lery  typieal  ease  of  the  di-iease  as  will  be  seen  by  referring 
to  the  temperature  chart.  The  incubation  period  in  this  caae  was  longer  than 
in  any  of  our  previous  cases,  being  four  days  and  four  hours, 

Eaiperiment  So.  6. 

Gage  6  Chart  S— J  t  S  private  Troop  H  Eighth  Cavalry  4t  time  of 
experiments  thia  man  was  in  good  health  but  had  been  exposed  to  dengue  at 
Fort  McKinlev      The  follow  ng  is  a  recor  1  of  the  experiments  performed  in  this 

September  22  Exposed  last  night  to  mosquitoes  that  bit  taae  41  (Chart  &| 
on  September  H      Sa\s  that  none  bit  him  during  the  nigbt 

September  23  Exposed  igain  last  night  to  mosquitoes  and  sav  he  waa  bitten 
once      Dengue  did  not  re-(ult  from  this  experiment 

October  7  Patient  waa  exposed  to  m<'!quitoea  that  1  it  Case  44  (Chart  E)  the 
night  before 

October  8  to  15  Patient  feeling  uell  ind  states  that  he  does  not  kn  v 
whether  he  lias  been  bitten      Dengue  did  not  result  from  this  experiment 

October  25  Slept  last  night  with  mosquitoes  tint  had  1  itten  Caae  60  (Chart 
J  )    and  was  bitten  at  least  twice 

October  2(1  to  28  Mosquitoes  1  a\e  diaappealed  and  patient  has  ntt  been 
bitten  again      Dengue  did  not  result  from  this  experiment 

October  31     '*lept  with   m  squitoea  that  had  bitten  Case  65    (Chait  J)    last 

t»o\ember  1  to  3     Haa  been  bitten  seieral  times  b>  the  mosquitocK 

Novembei  4  Patient  feeling  well  and  mosquitoes  have  all  diaappeared  Dengue 
did  not  result  from  this  experiment 

November  8  -it  3  p  in  to  day  the  patient  *aa  inoculated  tntra\enouslv  with 
20  minima  of  blood  from  Case  70  (Chart  K)  The  man  from  whim  the  blood  was 
taken  had  a  topical  attaik  of  dengue  fe\ei  ind  the  inneulation  was  made  upon 
the  third  da\  of  the  dinease 

Noierober  10  to  14     Patient  feeling  well 

November  15  In  the  alternotn  the  patient  hal  a  slight  chill  headache  xnd 
general  pains  in  the  muscles 

November  18  Patient  complains  of  severe  1  eadaihe  backache  and  pain  in 
the  limbs      Has  no  appetite 

November  1"  to  20  During  this  time  the  patient  presented  the  usual  'i>mp 
t  ms  of  deng\ie   which  ha\e  already  been  indicated 

Bernards  —The  chief  point  of  interest  in  this  case  is  the  long  period  of  incuba 
tion  exceeding  that  of  any  experimental  ease  that  we  haie  observed  Inoculation 
WIS  made  at  3  p  m  n  November  8  and  the  first  symptoms  appeared  m  the 
afternoon  of  Noiember  15  making  the  incubation  period  al>out  seven  days  It 
should  be  remembered  that  this  man  had  already  passed  through  a  severe 
epidemic  of  dengue  and  it  is  probable  that  he  possessed  a  relatue  immunity  to 
the  disease  although  his  clinical  symptoms  were  typical  and  rather  severe  in 
character. 
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Eaperiment  So.  7. 

taae  7  Chatt  7— W  7  pruote  Troop  D  Eighth  taialrj  Thi-  caae  is  of 
interest  because  the  experimental  dengue  was  eoniplicated  b(  an  attack  of 
malarial  feier  He  had  been  exposed  to  denjfue  at  Fort  "VleKinley  but  was  in 
gooi  health  at  the  time  of  volunteering  Thp  following  is  the  clinical  record  of 
thiecMe 

September  16  to  26  Patient  was  exposed  to  fomitea  of  itengue  during  this 
time  m  the  usual  manner 

September  26  bitposed  to  mniquitoes  that  had  bitten  Case  80  (Chart  L)  the 
niffht  before  This  case  was  afteniard  found  to  be  Buffering  frtm  ic'tivo  autumna! 
malaria. 

September  27  to  Octolwr  8:   Patient  Js  feeling  well, 

October  8:  Slept  last  night  under  a  bar  with  mosquitoes  that  bit  Case  4 
(Chart  4),  and  upon  the  night  of  the  9th  was  bitten  twice.  Dengue  did  not  result 
frcsn  this  experiment. 

October  25:  Slept  last  night  uniier  a  bar  with  mosquitoes  that  bit  Case  SI 
(Chart  M)  the  night  before.  Patient  states  that  he  did  not  feel  well  during 
the  night,  and  complains  of  pain  in  the  back  of  the  head  and  in  the  lumbar 
region, 

October  26  to  October  28:  Patieijt  is  feeling  better,  a'stivo  autumnal  malarial 
parasites  were  found  in  his  bloo<l  on  the  afternoun  of  Octotier  27,  and  quinine  at 
once  administered. 

October  30  to  November  4:  Patient  is  feeling  well.  No  further  experiments 
were  instituted  until  November  17. 

November  17:  Inoculated  at  10,30  a.  m,  with  20  minims  of  blood  from  Case 
82  (Chart  N),  who  was'suffering  from  a  typical  attack  of  dengue,  which  had 
lasted  about  three  days. 

November  18  to  November  23:   Patient  feeling  well. 

November  24:  At  10  a.  m.  patient  had  a  slight  chill,  followed  by  high  fever. 
Upon  November  22  an  eruption  had  been  noticed  covering  the  entire  body,  which 
resembled  the  eruption  of  dengue. 

November  26:  Patient  is  feeling  well,  and  is  free  from  pain.  He  states  that 
he  had  had  considerable  pain  for  several  days  before  his  chill.  He  is  coverad 
with  an  abundant  rash  which  presents  all  the  characteristics  olwerved  in  our 
other  dengue  cases. 

Rfmarka, — There  are  several  points  of  interest  in  this  case.  Upon  September 
26  he  was  exposed  to  the  bites  of  mosquitoes  that  had  bitten  a  case  of  sestivo- 
autumnal  malaria.  Upon  October  25  he  developed  an  attack  of  malarial  fever, 
and  the  sestivo-autumnal  parasites  were  found  in  his  blood.  He  denied  that  he 
had  ever  suffered  from  malaria  previously,  and  while  we  have  been  careful  to 
liberate  only  mosquitoes  of  the  genus  Culex  fatigann  Wied,,  beneath  the  bars  of 
the  men  experimented  upon,  it  may  be  that  an  A'nopheles  may  have  been  present 
with  the  mosquitoes  liberated.  However,  as  the  AtiopheUs  mosquitoes  are  present 
here,  it  is  much  more  probable  that  the  infection  occurred  from  mosquitoes 
which  had  bitten  a  malarial  case  at  some  other  time.  It  is  difficult  in  this 
caw  to  determine  just  exactly  the  period  of  incubation,  and  the  chart  is  also 
atypical  because  of  the  concurrent  malarial  infection.  However,  the  clinical 
symptoms,  were  very  typical,  and  the  presence  of  the  rash  removes  all  doubt  as  to 
the  nature  of  the  infection. 
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Experiment  So.  8. 


Vast  8  Chart  S— K  E  pruatp  Company  H  Thirteenth  Infantry  Thia 
man  was  in  good  health  at  the  time  o!  volunteering  bit  had  been  exposed  to 
dengue  during  the  epiden  ip  at  Fort  Uilhani  McKinlef  The  following  is  a 
clinu-al  recoid  of  the  case 

September  12  Inoculated  mtravenou^lr  with  one  half  minim  of  blood  trom 
Ciae  83   (Chart  O)    wl o  was  suffering  from  a  tipital  attack  (f  dengue 

September  15  Patient  states  that  le  had  a  seiere  headacl  e  last  night  com 
men  ing  at  midnight      &till  con  plains  of  headache  ani  pain  in  the  arma 

September  16  Still  complains  of  headache  but  has  no  other  pam  Bowels 
constij  ited  afpetite  poor 

September  1"  to  18     Patient  ib  feeling  ne!l 

September  19  Inoculated  mtravenouslj  at  1  p  m  with  1  cubic  centimeter  of 
filtered  blood  from  Case  11   (Chart  11)      No  result 

September  25  Inoculated  intravenously  at  1  p  m  with  20  minims  of  blood 
from  Case  38  (Chart  D)      No  result 

Rtmarke  We  have  regarded  this  ca^e  as  doubtful  alth  ugh  we  are  inclined 
to  believe  that  tie  riae  nf  temperature  upon  Septeml)er  15  was  due  to  a  slight 
attack  of  dengue  pro<hiced  by  tl  e  inoculation  of  one  half  minim  of  dengue  blood 
This  IS  much  less  blood  tl  an  we  have  used  in  our  other  experiments  and  it  n  av 
be  that  the  slight  symptomB  produced  are  due  to  tl  is  fact  If  this  man  did  not 
suffer  from  an  attack  of  dengue  during  1  is  first  inoculation  he  must  have  been 
immune  as  ne  ther  the  subcutaneous  moiulation  of  filtered  bl  od  >r  the  intra 
venous  in  leulation  of  unflltered  blood  produced  anv  result 

Summary — The  mtravenoua  jnoculation  of  unhltered  dengue  bloDd 
into  health}  men  s  capible  of  prolucmg  a  tvpical  lengue  attack  in  such 
men  Thus  of  cl  ven  men  so  inoculated  seven  buffered  from  dengue 
ftvpr  produced  m  this  manner  while  in  one  the  result  was  doubtful 
Three  ji  the  nitn  weie  inimme  to  the  lisea'*  aftei  inoculation 


Having  proven  Iv  )ur  inoLulation  experiments  with  uuiiltered  blood 
from  dengue  patients  that  the  disease  couli  be  thus  transmitted  an! 
furthermoie  that  while  the  cause  must  therefore  be  present  m  the 
hlool  it  IB  not  po'^sible  to  demonstrate  it  m  either  fresh  or  atamed 
specimen'!  b^  an}  known  methol  of  examination  we  are  forced  to  the 
eoneluaion  that  the  Lausative  organism  mu=t  be  ultramicroscopic  a^  m 
the  case  ot  yellow  fever  rindtrpcot  etc 

The  most  important  diaeases  which  have  been  proven  to  be  due  to  a  contagion 
wlich  passes  through  porcelain  'r  diatomaceous  Altera  are  foot  and  mouth  dis 
ease  pleuro-pneumonia  of  cattle  yellow  fe^er  rabies  rindeipest  South  African 
horse  sickness  and  hog  cholera 

Loeffler  anl  Frosch  (26)  in  180S  discovered  that  tie  cause  of  foot  and  mouth 
diHfaae  in  cattle  passed  through  the  pores  of  a  Berkefeld  filter  which  restrained 
other  well  known  bacteria  Nocard  and  Eoux  (27}  m  the  same  year  pro\ed  that 
the  organiOTi  causing  the  pleuro  pneumonia  of  cattle  passed  through  a  Berliefeld 
and  Chamberland  F  filter  but  not  through  a.  Chamberland  B  they  were  also 
successful  in  cultivating  the  organism  bj   the  collodion  sac  method    but  as  they 
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demonatrattd  that  it  could  be  ^een  though  mdistmeth  with  a  poner  of  2  000 
diameters  it  lan  hardiT  be  claimed  that  this  organism  is  ultra mieroscopic  In 
1902  Reed  and  Carroll  (28)  filtered  the  blojd  f  yellow  feier  patients  and 
proved  that  the  \irU9  pasaes  through  a  BerkLfeld  filter  by  produiing  the  diaeaHC 
bl  inoculating  the  filtrate  Roacnau  and  Francis  (29)  in  l^WS  found  that  the 
cause  of  yellow  fever  passes  through  a  Chaml)erland  B  filter  The  \irus  of 
rabies  according  to  Remlinger  and  Rifl'at  Be>  (JO)  p'LSfles  through  the  most 
porous  of  the  Berkefeld  filters  but  not  through  otliar  porcelain  or  diatomaceou^ 
filters  In  rinderpest  Nicolte  and  Mil  Bey  (31)  have  proven  that  the  cause 
passes  through  the  Berkefeld  and  Chamberland  F  filters  Nocard  (32)  in  1901 
found  that  the  virus  of  South  Afriian  hnrse  sickness  parsed  through  the  Berke 
feld  filters  and  in  1900  Mc}<ad\ean  (33)  demonstiatel  that  it  also  passed 
through  the  porea  of  a  Thainberland  F  and  (.1  aniberland  B  filter  The  recent 
imestigatuns  of  Dorset  Bolton  an  I  McBrjde  (^4)  pro^e  that  the  organism 
causing  hog  chjiera  is  filterable  through  Berkefeld  (_l  ainl)erland  F  and  Cham 
berland  B  filters  and  as  eisilj  through  one  is  the  uthei  thej  also  prove  that 
the  oiganism  so  long  regaidel  as  the  cause  of  the  disease — that  is  B  eholeia 
8«ts— IS  not  concerned  in  the  etiologj  of  hog  cholera  the  disease  iieing  produced 
by  the  filterable  virus  Of  the  diseases  mentioned  the  causatiie  (rganism  has 
been  demonstrated  with  the  highest  power  of  the  microscope  in  but  one- — that  is 
pleuro  pneumonia — and  in  this  instance  no  morphological  details  could  be  distin 
guished  the  organism  appearing  simpty  as  a  minute  mottle  point  In  ill  the 
others  the  parasites  are  ultramicroscopie 

In  order  to  defermine  if  (kngwe  belongefl  to  this  class  of  infections 
we  determined  to  ti\  the  effect  ot  the  intravenous  inoculation  of  filtered 
blood  from  dengue  patients  into  health}  men  We  have  experimented 
m  this  waj  upon  two  men  m  Imth  of  whom  we  h^\p  been  successful  m 
producing  very  typical  attacks  of  dengue  accompanied  by  rather  severe 
symptoms. 


In  our  filtration  experiments  we  have  employed  a  Lilliput  diato- 
maceous  filter,  which  was  tested  each  time  before  it  was  used.  Before 
using,  the  filter  was  sterilized  and  the  filtration  done  under  730  milli- 
meters pressure. 

After  filtering  the  blood  the  following  control  teat  of  the  filter  was 
made  in  each  ease:  A  suspension,  in  nutrient  bouillon,  was  made  of 
M.  melitensis  and  S.  ckolerm,  and  then  filtered  through  the  filter  used  in 
filtering  the  blood;  the  filtrate  was  then  incubated  for  two  weeks,  daily 
examinations  of  it  being  made.  The  filter  in  use  retained  both  these 
organisms,  the  filtrate  remaining  sterile  for  two  weeks  when  it  was 
thrown  away.  In  the  control  filtrations  the  same  filter  was  used,  after 
careful  steriliaation,  as  was  employed  for  the  dengue  blood,  and  the  same 
pressure  was  maintained  during  filtration. 

Besides  the  control  test  of  the  filter,  we  kept  in  each  case  a  portion 
of  the  filtered  dengue  b!ood  for  a  period  of  ten  days,  making  daily 
esaminations,  and  in  one  case,  several  cultures  in  bouillon.  Xo  growth 
was  obtained  in  either  the  filtered  blood  or  the  cultures. 
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Emperiment  No.  9. 

Case  9,  Gkart  9. — E.  J.  D.,  private  Hospital  Corps,  United  States  Army.  On 
August  21,  1008,  10  cubic  centimeters  of  blood  was  drawn  from  the  median  basilic 
vein  of  Case  2  an  esperimental  case  nf  dengue  which  has  been  described  (see 
Case  2  Chart  2|  The  blood  naa  taken  on  the  third  day  uf  the  disease  the 
symptoms  of  the  patient  at  the  time  consisting  of  fever  headache  severe  pain 
in  the  muscles  of  the  shoulder'  in  the  nrists  and  knees  while  there  was  present 
a  typical  dengue  eruption 

The  blood  was  rapidly  defibrinated  diluted  with  an  equal  amount  of  normal 
salt  solution  and  filtered  through  a  Lilliput  filter  controlled  aa  described  The 
filtration  of  a  sufficient  quantity  for  use  was  completed  in  about  three  quarters 
of  an  hour  Of  the  filtrate  50  minims  containing  20  minims  of  the  filtered 
blood  was  inoculated  mtravenousl}  into  Case  9  at  4  20  p  m  August  21  The 
patient  at  the  time  of  inoculation  had  been  in  the  hospital  under  observation 
for  several  weeks  and  as  no  cases  of  dengue  had  occurred  m  the  hospital  he  had 
not  been  eitposed  to  the  disease  No  symptoms  of  importance  developed  until 
August  35  thL  period  of  incubation  being  three  davi  and  eleven  hours  Previous 
to  the  decided  onset  of  the  disease  there  had  been  slight  fever  and  some  pain  m 
the  back  symptoms  uhich  «ere  probably  due  to  a  gonorrhcea  from  which  he  had 
suffered  for  some  time      The  following  is  the  clinical  record  of  this  case 

August  21  Inoculated  intravenously  at  4  20  p  m  with  25  minims  of  Altered 
dengue  blood  from  Case  2 

\ugust  22  and  23     Feeling  well 

August  24     Slight  muscular  pains 

August  2a  9  a  m  Patient  Lomplains  of  jam  in  musclei  of  neck  shoulders 
and  knees      Uas  some  headache      Bonels  constipated      Tongue  moist  jnd  clean 

August  25  4  p  m  The  sjmptoms  have  increased  m  severity  The  headache 
IB  frontal  and  mt^'nsi-  there  is  severe  pam  looateti  behind  the  eyeballs  which 
are  painful  on  pressure  There  is  general  muscular  pain  especiallv  in  the  muscles 
of  the  jaw  lumbar  icgion  and  in  the  calves  of  the  leg  Patient  states  that  his 
bones  ache  and  that  he  is  unable  to  rest  comfortably  in  anj  position  He  also 
complains  of  seiere  pam  in  the  articulations  \a  eruption  is  present  covering 
the  chest  abdomen  and  thighs  and  is  especially  markei  over  the  forearms  and 
around  the  wrists  it  is  dull  red  in  color  consisting  if  minute  elevations  sur 
rounded  by  a  \  ivid  flush   which  n  akes  the  riah  appear  confluent  in  character 

August  26  Patient  passed  a  ^ery  restless  night  suffering  from  insomnia  and 
severe  pain  in  the  back  chest  legs  held  and  eyes  This  morning  still  has  severe 
pain  m  these  regions  There  has  been  no  vomiting  and  the  bowels  are  constipited 
Tongue  IS  moist  with  a  slight  white  coating  The  eruption  covers  the  entire  bod^ 
and  IS  more  marked  than  vesterda^  There  is  complete  loss  of  appetite  and  the 
patient  is  very  restless 

August  27  Peels  much  raoie  comfortable  this  morning  The  steady  ache  in 
the  muscles  has  disappeared  but  he  still  suffers  from  lancinating  pains  in  the 
head   back  and  legs      The  eruption  has  almost  disappeared 

August  28  Passed  another  restless  night  and  suffered  a  greit  deal  from  pain 
in  the  muscles  This  morning  he  complains  of  severe  headache  ind  pain  in  the 
loins  and  legs      The  eruption  has  faded  from  the  trunk      Has  no  appetite 

4ugii3t  29  Feels  better  this  morning  Still  has  headache  and  pain  in  the 
eyes   but  the  general  muscular  pam  has  disappeared 

\ugust  30     Mill  complains  of  pain  in  the  head  and  eves  but  slept  well  last 
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August  31:  Patient  states  that  he  feela  very  well  thia  morning.  Has  no  pain 
and  appetite  19  returning.  There  is  preaent  a  very  profuse  dengue  eruption 
covering  the  entire  body,  espeoially  marked  upon  the  arms,  legs,  hands  and  feet. 

September  1 :  Feels  well.  The  eruption  is  less  distinct  aithcmgh  it  atill 
eovers  the  entire  body. 

September  'i:   Is  feeling  well  in  every  away  Hnd  eruption  lia»  di.-iappean-d. 

S^tember  4:  Diseliarged. 

Remarlts. — This  t-aae,  as  aliown  by  the  clinical  reooid  and  the  dial  t,  is  typical 
of  aevere  dengue,  but  the  initial  eruption  was  more  marked  than  in  any  of  our 
i-aaea.  The  patient  suffered  greatly  frotn  the  headache  and  the  muscular  pains. 
He  repeatedly  stated  that  he  felt  as  though  everj-  hone  in  hia  body  had  been 
broken. 

The  temperature  chart  presents  a,  high  range  of  fever,  with  not  as  marked  a 
period  of  remisaion  aa  is  generally  observed;  it  will  be  not«d  that  morning  remis- 
sions occurred  regularly,  but  that  in  the  afternoon  the  temperature  aacended, 
reaching  104°  F.  on  three  consecutive  days;  a  more  permanent  remission  occurred 
npon  the  fifth  day,  succeeded  upon  the  sixth  by  the  final  rise  and  the  crisis,  the 
temperature  reaching  normal  upon  the  aeventli  day. 

An  eruption  appeared  in  this  ease  upon  the  first  day  (the  so-called  initial 
eruption),  extending  over  the  chest,  abdomen  and  thigha.  The  typical  draigue 
eruption  occurred,  as  is  usual,  during  the  crisis,  ajid  was  very  profuse,  extending 
over  (he  entire  body,  aven  the  hands  and  feet  being  covered  with  it.  The  severe 
initial  eruption  in  this  case  is  verj-  unusual,  and  it  ia  most  interesting  to  find, 
upon  reference  to  the  clinical  history  of  Case  2,  from  whom  this  man  waa  inocu- 
lated, that  iin   eruption  occurred  in  this  ease  also  upon  the   second  day  of  the 

Kap&riment  Ho.  10. 

Case  10  Chart  111 — B  S,  first  class  priiate  Hospitil  Corps  United  States 
\im^  On  August  31  1906  at  12  15  p  m  this  man  who  had  been  on  duty  at 
the  Division  Hospital  for  weeks  and  had  not  been  exposed  to  dengUL  was  givtn 
an  intravenous  injection  m  the  arm  of  3  75  cubic  centimeters  if  normal  salt  solu 
tion  containing  20  minims  of  dengue  blood  fiom  (  ase  H7  1 1  hart  H)  Ten  cubic 
centimeters  of  Wood  «aa  taken  from  the  medium  ba'iilio  lein  of  (  ase  87  at  10  30 
a  m  August  ?1  diluted  uith  noimal  salt  solution  and  filtered  through  the 
same  filters  uaed  in  (ase  Q  the  hlter  being  contiolled  as  has  been  described  This 
filtered  blood  was  used,  for  the  inoculation  The  patient  from  whom  the  blood 
was  obtained  was  suffering  from  a  rathe  r  severe  ittick  of  dtngue  and  the  blood 
was  taken  on  the  fourth  day  of  the  disease 

After  inoculation  with  the  filtered  btoud  no  symptoms  appeared  in  Case  10  until 
midnight  of  beptember  3  hut  upon  refeiring  to  the  temperate  chart  it  will  be 
noticed  that  he  had  fe>er  at  least  sixteen  hours  before  he  complained  of  anv 
symptoms  If  we  assume  that  the  first  rise  in  temperature  indicated  the  onset 
of  dengue  the  incubation  period  muit  hate  been  about  tuo  and  one  half  da^i 
while  if  the  chill  which  waa  the  first  symptom  the  p  t  nt  n  t  ced  en  d  ed 
as  marking  the  onset  the  incubation  period  would  be  j  t  th  day  W 
sider  that  the  incubation  period  in  this  case  was  tw         d  h  If  d  j        Tl 

following  ia  a  rfisumS  of  the  clinical  record  of  this  case 

August  31 :  Inoculated  intravenously  at  12.30  p.  mwth20mnm  f  filte  d 
blood  from  Case  S7. 

September  1 :  Was  restless  last  night  but  at  noon  to-day  feels  well. 

September  2  and  3 :   Feeling  well. 

September  4:  Had  chill  last  night  about  midnight.  This  morning  complains  of 
pain  in  the  muscles  and  bones,  eapeeially  of  the  arms.     His  eyes  ache  and  are 
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mueli  cougeHtcd  and  the  fare  is  fluslied.  Has  alight  frontal  headache,  and  is  very 
nervoufl.  He  complains  of  palpitation  of  the  heart.  Tongue  moist  and  clean. 
Appetite  poor. 

September  5t  Is  feeling  very  nervouB  this  morning  and  was  delirious  last 
night.  Has  pain  in  head,  back,  arms  and  legs.  No  appetite.  Tongue  moist,  with 
heavy,  yellowish  coating.     Bowels  loow. 

September  6;  Spent  a  restless  night,  but  is  not  bo  nervous  this  morning. 
Complains  of  severe  pain  in  the  back  and  legn.  Tongue  moiat,  with  yellowish 
coating.  There  is  a  faint,  slightly  elevated,  sparse,  macular  eruption  over  the 
chest  and  back, 

September  7 :  Patient  had  a  comfortable  night  and  this  morning  has  bat  little 
pain.     The  eruption  is  well  marked  over  the  abdomen,  chest,  back  and  arms. 

September  8:  Feeling  very  comfortable.  The  eruption  is  fading  a  little. 
Bowels  constipated.     Appetite  j^ood, 

September  9:  Was  delirious  during  the  early  morning  hours  and  is  nervous 
and  restless  this  morning,  but  free  from  pain.     The  eruption  has  largely  di»ap- 

Reptember  10:  Began  to  feel  better  at  4  p.  m.  yesterday  and  now  feels  quits 
well.  Slept  well,  but  perspired  very  freely  during  the  night.  The  eruption  has 
almost  disappeared  from  the  body,  but  is  marked  upon  the  forearms  and  wrists. 

September  II:  Peeling  well.  Eruption  is  fading  slowly  and  very  slight  de- 
squamation is.  present  in  patches. 

September  13:  Feeling  well,  except  that  appetite  ii  still  poor.  The  eruption 
has  almost  disappeared. 

September  15:   Returned  to  duty. 

Remarks. — The  symptoms  in  this  case  were  very  severe,  especially  those  con- 
nected with  the  nervous  system.  The  subject  of  the  experiment  was  of  a  highly 
nervous  temperament,  and  this  fact  accounts,  in  our  opinion,  for  the  severity  of 
the  nervous  symptoms. 

The  temperature  curve  in  this  case  might  be  used  as  an  illustration  of  an  ideal 
dengue  curve,  so  perfectly  does  it  agree  with  the  type  described  by  every  observer 
as  characteristic  of  this  disease.  It  should  be  noted,  however,  that  the  tempera- 
ture is  higher  in  this  ease  than  it  usually  is  in  naturally  acquired  dengue,  or  in 
our  otlier  experimental  cases,  with  the  exception  of  t'ase  9,  also  produced  by  the 
intrarenotts  inoculation  of  filtered  blood. 

The  eruption  in  this  case  appeared  on  the  fourth  day  of  the  disease,  and  had 
iliaappeared  on  the  third  day  following  the  crisis,  lasting  in  all  ten  days. 

We  regard  these  two  cases  of  dengue  produced  by  the  intravenous  injec- 
tion of  filtered  dengue  blood  as  the  most  typical  cases  of  the  severe  type 
of  the  disease  which  we  have  observed  and  we  believe  that  these  two  ex- 
periments prove  conclusively  that  dengue  can  be  transmitted  by  blood 
which  has  been  passed  through  a  filter  which  retains  organisms  as  small 
as  0.4  II  in  diameter  (the  measurement  of  M.  ruelitensis).  It  also  proves 
that  in  all  probability  the  causative  agent  is  ultramicroscopic  in  size, 
for  the  reason  that  neither  in  fresh  nor  stained  blood  smears  nor  in  the 
filtrate  obtained  from  dengue  blood,  can  any  organism  be  demonstrated 
with  the  microscope.  It  may  be  possible  that  in  some  other  fluid  or 
organ  of  the  body,  or  in  some  phase  of  its  life  history  in  an  insect,  the 
organism  may  be  visible,  for  Novy,  in  his  work  upon  T.  lewisi,  has  proved 
that  even  so  large  a  parasite  as  this  trypanosoma  may  exist  in  a  form  so 
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small  in  cultures  that  it  passes  through  a  Berkefeld  filter.  While  this 
may  prove  to  be  true  as  regards  the  dengue  organism,  we  feel  justified  in 
stating,  that,  so  far  as  present  evidence  goes,  the  organism  causing  dengue 
is  ultramjcroscopic  in  size.  This  conclusion  explains  the  uniformly 
negative  results  obtained  by  nearly  every  trained  observer  in  the  search  for 
a  dengue  parasite. 

We  conclude  that  an  organism  is  present  in  the  filtrate,  rather  than 
a  toxin,  because  of  the  length  of  the  period  intervening  between  inocula- 
tion and  the  appearance  of  clinical  symptoms,  and  also  because  we  have 
reproduced  the  disease  by  inoculation  of  the  blood  of  experimental  cases. 

There  is  one  point  of  interest  deserving  of  special  consideration  in 
these  two  eases  of  dengue  produced  by  filtered  blood ;  that  is,  the  relatively 
greater  severity  of  the  symptoms.  In  both  these  cases  the  symptoms 
were  more  intense  in  almost  every  particular  than  in  any  of  our  exper- 
imental cases,  despite  the  fact  that  no  greater  amount  of  blood  was 
inoculated  in  these  cases.  This  fact  is  very  difficult  of  explanation,  and 
we  must  confess  to  our  ignorance  of  the  cause.  It  may  be  that  the 
admixture  with  salt  solution  or  the  time  consumed  in  filtration,  or  both, 
acts  in  some  way  to  increase  the  virulence  of  the  organism,  or  that  condi- 
tions favorable  to  its  extra-corporeal  development  are  present  during  the 
process  of  preparing  the  filtrate  which  result  in  a  more  virulent  form  of 
the  organism,  though  we  have  no  evidence  to  offer  in  this  respect. 

ft.    EXPnntBfJTAI,  TBANSMlSSIOn  OF  DENeUB  BY  THB  MOSqUITO. 

We  have  already  mentioned  the  experiments  of  Graham  (31),  regarding 
the  transmission  of  dengue  by  the  mosquito,  in  which  he  seems  to  have 
proven  conclusively  that  such  transmission  occurs;  we  have  also  noted 
the  negative  rtsults  obtained  by  Carpenter  and  Sutton  (32),  Guiteras  and 
Cartaya  (7),  and  Agramonte  (19),  all  of  whom  believe,  however,  that  the 
mosquito  is  the  active  agent  in  the  spread  of  the  disease.  To  one  who 
carefully  studies  the  epidemiology  of  dengue,  the  conclusion  is  almost 
inevitable  that  this  disease,  which  so  closely  resembles  yellow  fever  and 
malaria  in  this  respect,  must  also  be  transmitted  by  some  species  of 
mosquito.  Its  seasonal  prevalence;  its  occurrence  most  frequentty  along 
low-lying,  moist,  coast  regions  and  in  the  valleys  of  rivers;  its  rapid 
diffusion  in  certain  localities,  and  its  lack  of  diffusion  in  others;  its 
relation  to  changes  in  temperature  and  moisture ;  its  manner  of  spread 
from  building  to  building  in  infected  places;  the  presence  of  multitudes 
of  mosquitoes  wherever  dengue  occurs,  and  the  absence  of  the  disease  in 
regions  where  mosquitoes  are  few  in  number  or  absent,  and  the  cessa- 
tion of  the  epidemic  in  badly  infected  districts  when  conditions  arise 
unfavorable  to  the  propagation  of  mosquitoes,  all  point  to  some  species 
of  this  insect  as  the  transmitting  agent. 

Accordingly,  having  demonstrated  by  the  intravenous  inoculation  of 
unfiltered  dengue  blood  that  the  cause  of  the  disease  is  present  in  the 
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blood  of  the  infected  individual,  and  that  the  parasite  is  probably 
ultramicroscopie  in  size,  as  proven  by  the  positive  results  of  our  experi- 
ments with  the  filtered  blood,  we  turned  our  attention  to  the  problem 
of  mosquito  tranemission.  Unfortunately  for  the  fullest  success  of 
our  work  in  this  direction,  we  were  forced  because  of  lack  of  other 
volunteers,  to  use  a  number  of  men  who  had  already  passed  unharmed 
through  the  epidemic  at  Fort  MeKinley  and  the  majority  of  whom  were 
immuny,  as  is  proven  by  the  negative  result  of  intravenous  inoculation  of 
dengue  blood.  Thus,  of  the  nine  men  lq  whom  we  «idea.vored  to  produce 
dengue  by  exposing  them  to  the  bites  of  infected  mosquitoes,  thuee  were 
proven  in  this  way  to  be  absolutely  immune,  one  may  have  had  a  slight 
attack  of  dengue  previous  to  exposure,  while  three  probably  possessed 
a  relative  immunity,  for  while  they  developed  dengue  from  the  inocula- 
tion of  a  comparatively  large  amount  of  dengue  blood,  the  symptoms  were 
mild  in  character,  and  in  one  case  the  incubation  period  was  greatly 
prolonged.  In  one  instance  already  described  (see  Case  4)  no  immunity 
existed  to  the  disease,  but  the  mosquitoes  refused  to  bite  the  man  under 
any  conditions  we  could  devise. 

The  mosquiio  tised. — In  looking  over  the  geographical  distribution  of 
dengue  and  various  species  of  mosquitoes,  we  found  but  one  species 
(Cidex  faiUjans  Wied.,)  of  this  insect  that  apparently  occurred  wherever 
dengue  did.  Wo  do  not  wish  to  be  understood  as  stating  conclusively  that 
this  mosquito  is  the  only  one  which  may  be  present  in  all  dengue- 
infected  regions,  but  only  that,  so  far  as  we  have  been  able  to  determine 
from  the  literature  available,  this  species  is  constantly  found  and  is 
mentioned  by  almost  every  recent  investigator  as  being  very  numerous 
during  epidemics  of  this  disease.  In  Theobald's  monograph  the  map 
illustrating  the  known  distribution  of  Gulex  fatigans  Wied.  might  al- 
most be  used  to  illustrate  the  distribution  of  dengue  fever,  and  if  to 
this  map  be  added  the  regions  in  which  this  mosquito  has  been  demon- 
strated since  it  was  published,  the  association  of  dengue  and  Ctileix 
fatigans  Wied.,  is  still  more  striking. 

For  this  reason,  and  because  this  mosquito  was  employed  by  Graham 
in  his  experiments,  we  decided  to  work  with  this  species  at  first,  and  in 
the  event  of  our  results  being  negative,  to  extend  our  work  to  embrace 
other  species. 

We  have  used  mosquitoes  reared  in  captivity,  and  also  those  caught  in 
natural  surroundings.  However,  in  our  successful  case  produced  by 
the  mosquito,  we  used  mosquitoes  reared  by  us  from  the  egg,  and  thus 
we  are  sure  that  no  infection  occurred  in  these  insects  before  they  bit 
the  dengue  patients. 

Our  mosquito  experiments  were  conducted  as  follows :  The  patient 
suffering  from  dengue  was  placed  in  a  bed  beneath  a  mosquito  net  in 
a  mosquito-proof  tent.  At  night  from  twenty  to  thiriy  mosquitoes  were 
liberated  beneath  the  mosquito  bar  and  collected  in  the  morning;  almost 
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invariably  all  the  mosquitoes  left  alive  had  bitten  and  were  full  of 
blool     The  subje  t  to  be  expernented  ujon    la    og  been  placei    n 
bel  beneath  a  mosqn  to  net    n  another      oqutojr^f  te  t    the    no 
qu  toes  wl  cl  had  b  tten  the  dengi  e    ase  the  n  gl  t  before  were  1  berated 
beneatl  h  s  moiq    to  net  and  or  1  rs  g   en  that  the  n an  re    an  beneath 
the  net    nt  I  tl  e  n  osqn  toes  ha  I  1   aj  p  ar  d    later  we  allowe  1  the  nen 
to  rema  n  o  t  of  bed  dnr  ng  tl  e  la>   th     noiqu  toes  he  ng  kept  beneatl 
tl  e  spread  net     W  tl  one  except  o     wh  ch  has  been      tel   all  tl  e  n  en 
were  1  tten  a  few  t  me>-  but  n       st  nstances  tl  e  mo  qu  U  es  lei  before 
the  men  had  be  n  b  tten    e  erel       \\  e  al  o      nfu  ed  n  o  q    toe    that 
had  t  tten   lengue     asea    n  gla^    jar     and  k  pt  tl  e      a    long  a     fro 
fonr  to  s  X  daj    before  allow  ng  tl  em  to  b  te  but    n  the  few   n  tan  es    n 
h  ch  we  tr  ed  tl  s,     ethod  our  rehult.  were  all  ne^at    e 
\\  e  do  not    ons  ler   t  ne  e   a  y  b   g   e  o  r  uegat       re    Its    n  f  11 
ab  the     are  all  referred  to    n  deta  led  e  per     ent     a   1  we       11  onl 
descr  be  the    ase  n  vh    1   we  pro  In  ed  leng      h    all         g  tl  e      1  nte 
to  be  b  tten  by  nfe  t  d  n  os  ju  to  s 

Expennent  2to   11 

Case  11,  Chart  11. —  B.  L.  W.,  private,  Hoapital  Corps,  United  States  Army. 
Thia  man  had  been  on  duty  at  the  Division  Hospital  for  several  weeks,  and  as  no 
cases  of  dengue  bad  occurred  in  the  hospital,  had  not  been  exposed  to  the  disease, 
so  far  as  we  could  determine.  On  September  12,  1906,  the  man  being  in  good  health, 
he  was  placed  under  a  mosquito  net  with  moaqujtoefl  that  had  bitten  Case  88 
(Cliart  R)  on  the  night  of  September  11.  Case  88  was  suifering  at  the  time  from 
a,  typical  attack  of  dengue.  Case  11  was  not  bitten  by  mosquitoes  until  the 
night  of  September  13,  and  developed  no  symptoms  until  the  night  of  the  17th, 
but  upon  reference  to  his  chart  it  will  be  seen  that  he  had  fever  for  nearly  twenty- 
four  hours  before  he  noticed  anv  symptoms.  If  we  assume  the  period  of  incuba- 
tion to  be  the  period  intervening  between  the  13th  the  night  upon  which  he  was 
first  bitten,  and  the  16th  when  he  had  his  first  rise  in  temperature  the  incubation 
period  would  be  about  three  davs  and  one  half  Howeier  if  »e  assume  the 
disease  to  haie  commenced  when  he  first  noticed  si-mptoms — that  is  upon  the 
evening  of  the  17th — the  incubation  period  would  be  a  little  o^er  four  days  The 
following  IS  a  summon   of  his  clinical  history 

September  12-  Put  under  net  with  mosquitoes  that  bit  Case  88  last  night 

September  13:  Bitten  hy  mosquitoes  last  night 

Septembei  18  Had  headache  and  felt  uncomfortable  last  evening  Thii 
morning  complains  of  headache  and  a  dull  pain  in  the  articulations 

September  10:  Still  complains  of  headache  and  general  muscular  pain  and 
lorenesB      His  face  and  eyes  are  greatly  congested 

beptember  20.  Last  night  had  severe  pain  in  the  head  eyes  and  the  musdes 
of  the  back,  but  feels  much  better  this  morning 

September  21  1«  feeling  better  A  faint  rash  is  visible  covering  the  chest 
and  abdomen 

September  22  Complains  of  soreness  and  stiffness  in  the  muscles  The  erup 
tion  IS  now  plainlv  ilsible  and  typical  of  dengue 

September  24;   Feels  well      The  eruption  has  almost  disappeared 

October  1 ;  Returned  to  duty 
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Remarks. — This  case  was  in  every  way  typical  of  a  moderately  severe  attack  of 
dengue.  The  aymptoms  were  those  seen  in  the  great  majority  of  natura.lly 
acquired  infections  and  the  tpmperature  chart  is  »  very  characteristic  one.  This 
man  had  not  been  expoaed  m  our  dengvie  camp  before  being  bitten  by  the  mosqui- 
toea,  and  did  not  leave  the  mosquito  proof  camp  until  after  the  onset  of  the  disease. 

For  reasons  which  have  been  stated,  of  the  nine  men  exposed  to  the 
bites  of  infected  mosquitoes,  only  four  can  be  considered  in  estimating 
the  results  obtained.  Of  these,  one,  or  25  per  cent,  developed  a  typical 
attack  of  dengue  following  the  bites  of  infected  mosquitoes ;  but  we  do  not 
consider  that  the  three  negative  cases  are  of  much  value,  as  the  conditions 
were  such  as  to  cause  some  doubt  aa  to  whether  the  men  were  bitten. 

It  IS  obvious  that  man^  factors  have  to  be  considered  in  considering 
moiujuito  experiment=i  and  it  11  more  than  probable  that  in  our  negative 
Lxpenments  we  were  unijuccessful  m  reproducing  the  favorable  conditions 
which  must  ha\e  been  preiient  m  Experiment  No  11  or  the  mosquitoes, 
if  thej  became  mtetted  may  haie  perished  befort  biting  again.  Schau- 
dmn  ha<i  recently  called  attention  to  lome  of  the  difficulties  which  may 
be  met  with  in  attempting  the  experimental  transmiBsion  of  a  disease  by 
mosquitoes  Thus  aBhehasshiwn  (ertam  individuals  of  a  species  which 
has  been  proven  to  transmit  a  certim  disease  are  not  able  to  transmit  it, 
and  this  raa\  be  due  to  tht  insect  itself  'suffering  from  some  other  infec- 
tion to  an  inability  to  digest  the  mgesteil  bl>od  to  an  acquired  or 
natural  immunity  resulting  m  the  death  of  the  sf  ccific  parasite,  or  the 
mosquito  may  die  before  it  has  bitten  again 

It  is  evident  from  the  result  of  Experiment  No.  11  that  the  parasite 
causing  dengue  does  not  undergo  any  cycle  of  development  within  the 
mosquito,  unless  it  be  a  very  short  one;  we  are,  therefore,  of  the  belief 
that  the  parasite  of  dengue  is  one  capable  of  living  in  the  stomach  of  the 
mosquito  for  an  unknown  period  of  time,  where  it  retains  its  virulence ; 
that  infection  may  occur  at  any  time  after  the  insect  has  ingested  blood 
containing  the  parasite,  and  that  it  is  introduced  into  man  when  the 
insect  bites,  being  regurgitated  through  the  cesophagus  and  proboscis  with 
the  fluid  from  the  stomach.  This  theory  is  borne  out  by  the  results 
recently  obtained  by  the  Indian  Plague  Commission  in  its  remarkable 
study  of  the  transmission  of  plague  from  rat  to  rat  by  the  flea,  PiUex 
rheopis  Eothseh,,  and  by  the  excessive  rapidity  of  the  diffusion  of  d^gue, 
which  would  be  impossible  were  the  parasite  one  which  underwent  a 
prolonged  cycle  of  development  in  the  tissues  of  the  mosquito.  We  have 
dissected  and  examined  a  large  number  of  mosquitoes  that  had  bitten 
dengue  patients,  but  have  never  found  any  organism  either  in  the  stomach 
or  tissues  suggestive  of  a  stage  in  the  life  cycle  of  a  protozoon.  We  can 
not  confirm  Graham's  results  in  this  respect,  and  we  believe  that  in  the 
mosquito  as  well  as  in  the  blood  of  man,  the  dengue  parasite  is  ultra- 
microscopic  in  size. 
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By  reason  of  lack  ot  suitable  \oliiiiteers  and  the  =inbfidencp  of  the 
epidemic  we  have  been  lorced  to  bring  our  mosquito  e^enments  to  a 
conclusion.  We  lia\e  teen  unable  to  investigate  man\  mtereatmg  <juft- 
tions  regarding  the  transmission  of  dengue  b>  the  mosquito  'iuch  as  the 
length  of  time  the  uihe^t  remains  capable  of  transfemng  the  infection,  the 
most  infective  period  of  the  dibcase  as  regards  transmisaon  m  this  way, 
and  whether  transmission  m  simpl>  inet,hanKaI  or  depends  upon  the 
development  or  multiplication  of  the  parasite  withm  the  mosquito  all  cf 
these  questions  are  of  great  importance  to  a  correct  conception  of  the 
etiology  of  dengue  and  there  would  appear  to  be  no  good  reason  why  m 
regions  where  the  disease  is  common  thev  should  not  be  thoroughl)  in- 
vestigated. We  realize  that  the  work  we  have  been  able  to  do  as  regards 
mosquito  transmission  is  ver>  incomplete  and  that  much  remams  to  be 
done  before  this  feature  rt  the  etiology  of  dengue  w  fully  elucidated  but 
we  believe  that  we  have  confirmed  Grahams  results  m  this  respect  and 
that  we  have  proven  e-^penmentalh  that  this  disea'^e  ma^  be  transmitted 
by  the  mosquito  Culex  fitxgani  ^\ied  We  also  belie\e  tl  at  misquito 
transmission  is  the  only  natural  method  which  has  been  proved  bv  expen 
ment  and  that  all  the  epilcmiclogical  data  confirm  such  i  method  of 
transmission. 

7.   ESPEBIMENTAI,  P£BI(»  OF  INCUBATIOM  IN  DENGCE 

As  will  be  seen  from  a  resume  of  the  epidemiology  of  dengue  th*. 
incubation  period  has  been  stated  as  varying  from  twentv  four  hours  to 
ten  days,  the  majonti  of  observers  regarding  it  to  bo  from  three  to  hvc 
daj's.  The  following  table  give'-  the  period  of  incubation  m  nine  jf  our 
experimental  cases  of  the  diseases 


1 

IncubaUon  period.     ■ 

1 

3  days  18  hours. 

2  days  12  hours.               1 
A  days  <  hours. 

g 

Aa 

..                    I 

Inooulftlion  ot  Altered  Wood        .___. 

3  days  11  hours. 
2  days  13  hoars. 
AboDt3day>16hour8. 

^     °^    *"        " 

i 

From  the  above  table  it  will  be  seen  that  the  incubation  period  of 
dengue  in  experimental  cases  of  the  disease  varied  from  two  and  one-half 
days  to  seven  days,  the  average  being  about  three  days  and  fourteen  hours. 
This  is  practically  the  period  of  incubation  stated  as  being  most  frequent 
by  clinicians.  We  have  observed  no  case  in  which  the  incubation  period 
was  as  short  as  twenty-four  hours,  and  from  our  experiments  we  very 
much  doubt  the  occurrence  of  such  a  short  period  of  incubation. 
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There  is  coEeiderable  confusion  existing  in  regard  to  these  points,  the 
general  trend  of  opinion  being  tliat  almost  everybody  is  susceptible,  and 
that  an  attack  of  dengue  produces  immunity  for  a  short  time  only.  As 
to  the  latter  point— that  is,  the  duration  of  acquired  immunity — we  can 
not  express  a  very  positive  opinion,  as  we  endeavored,  except  in  one  case, 
in  oOr  experiments  to  avoid  the  use  of  men  who  had  previously  had 
dengue.  In  the  one  case  noted  as  an  exception,  dengue  was  induced 
although  the  patient  said  he  had  experienced  three  attacks,  the  last  one 
two  and  a  half  years  ago.  We  have  also  known  a  few  other  cases  in  which 
the  disease  developed  naturally  after  a  like  period.  The  correctness  of 
reports  of  cases  in  which  attaeks  have  occurred  a  month  apart  we  very 
much  doubt.  We  had  about  six  patients  sent  back  to  us  after  such  pe- 
riods supposed  to  be  suffering  from  second  attacks,  but  in  no  case  was 
it  so.     The  "second  attack"  was  usually  a  malarial  paroxysm. 

As  to  natural  immunity,  we  know  that  it  occurs,  or  at  all  events  that 
it  may  be  temporarily  present.  We  think  it  altogether  probable  that 
it  may  be  relative;  that  is,  a  small  dose  of  virus  may  not  be  sufficient  to 
overcome  it,  but  a  large  one  may.  In  one  of  our  cases  (Case  8)  we  were 
unable  to  decide  positively  whether  an  immunity  which  was  present  at  the 
time  of  the  discharge  of  the  patient  was  natural  or  was-  acquired  from  a 
very  light  attack  of  the  disease  following  inoculation  with  a  half  minim 
of  blood,  though  we  incline  to  the  latter  belief.  In  at  least  one  instance 
immunity  was  apparent  and  not  real ;  that  is,  the  patient  did  not  develop 
dengue  wlien  exposed  to  mosquitoes  that  had  recently  bitten  other  dengue 
cases,  but  this  was  due  to  the  fact  that  the  subject  was  immune  to  mos- 
quito bites.  All  the  mosquitoes  put  in  his  net  died  after  periods  varying 
from  one  to  five  or  six  days,  and  not  one  of  them  bit  him.  I^ater,  when  he 
developed  dengue  from  the  intravenous  injection  of  blood,  mosquitoes  bit 
him  freely.  Fortunately,  this  characteristic  so  valuable  in  the  Tropics, 
was  not  permanently  lost,  for  the  patient  now  states  that  he  is  as  free 
from  mosquito  bites  as  before. 

Our  knowledge  as  to  natural  immunity  cost  us  rather  dear,  as  we  were 
paying  all  our  subjects  of  experiment,  and  did  not  relish  exhausting  the 
funds  at  our  disposal  in  payments  to  men  not  capable  of  developing  the 
disease.  In  the  light  of  subsequent  events  we  think  that  we  made  a 
mistake  in  accepting  volunteers  from  Fort  McKinley,  where  an  epidemic 
of  dengue  had  been  and  was  pre^'ailing;  because,  while  we  did  not  begin 
experiments  upon  the  men  until  they  had  been  under  our  observation  and 
free  from  exposure  to  dengue  for  periods  varying  from  a  week  to  three 
weeks,  and  thus  avoided  the  error  of  thinking  the  disease  due  to  our  in- 
oculations when  it  was  in  reality  due  to  other  causes,  we  picked  men, 
some  of  whom  had  probably  escaped  natural  infection  because  of  their 
natural  immunity. 
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As  we  ha\e  stated  three  ot  our  subjects  were  abbolutely  i 
<lengue  Our  assumption  that  failure  to  develop  the  disease  after 
inotulation  with  20  mininift  ot  blood  from  a  dengue  ca'-e  constitutes 
absolute  immunity  i*  arbitrary,  but  seems  justified  by  the  constancy  and 
seventy  of  the  symptoms  produced  m  the  euccessful  cases 

Three  of  the  men  possibh  showed  a  relative  immunity  that  i«,  the 
amount  of  uruc  tnnsferrei!  to  them  by  moiiciuitrtes  was  not  sufficient 
to  cause  the  disease  although  the  intravenous  injection  of  20  minims  of 
dengue  blood  was  &uffii,jent  to  do  so  Possibly  this  rdative  immunitt 
was  oniv  apparent  because  vie  know  that  these  men  were  not  severeb 
bitten  bv  the  mosquitoes  and  ne  do  not  know  that  the  pirticular  mos 
quitoes  that  did  bite  them  might  not  have  bem  laboiing  under  some 
di'sabilitv  that  prLvented  their  transmitting  the  disease  It  is  note 
worthj  that  two  of  tlie&e  eases  were  \eri  mild  and  that  the  third 
while  an  ordinary  one  presented  an  intubation  ptriod  longer  than  tht 
average 

&ii  cases,  and  if  we  Louut  the  doubtful  one  alieadv  destiibed,  seien, 

presented  no  immunity,  that  is    the\   developed  dtngue  following  tht 

■  first   attempt  at   inoculation     One   cise    immune   to   mosquito   bites 

shoned  apparent  immunity    but  developed  dengut,  afttr  the  first  moc 

ulabon 

Natural  immuniti  and  the  practice  ot  sleeping  under  mosquito  nets 
effectualli  protttted  a  hrge  proportion  of  healthv  men  against  infettion 
Thus,  m  the  Fort  MtKmlev  epidemic,  the  highest  percentage  of  infec 
tions  oc(urrmg  in  any  one  company  was  58,  the  next  highest  wis  5^ 
and  m  the  other  companies  it  was  loner  It  must  be  remembeied  thit 
in  this  epidemic  no  special  measures  were  adopted  to  prevent  the  spread 
of  tlie  disease,  and  the  mosquito  protection  lonsi-ted  inereh  of  the 
ordinary  routine  use  ot  nets  during  the  sleeping  h  jui-s 


The  following  cases  whose  tlmical  records  are  hen  given  wtre  proved 
b\  experiment  to  be  absolutely  immune  to  dengue  The  temperature 
charts  are  not  reproduced,  as  thev  contain  no  data  o£  interest 

6o*e  12  ^W  H  O  tirst  class  private  Hospital  Corpti  United  States  Armv 
This  man  wa«  on  duty  at  the  DiviHion  Huspital  at  the  time  of  experiments  and 
had  never  had  dengue 

Experiment  1  On  the  night  of  September  12  the  subject  slept  under  a  raos 
quito  net  with  mosquitoes  that  had  bitten  a  dengue  case  the  night  before  No 
«vmptoms  of  dengue  developed 

Experiment  2  On  tJie  night  tf  September  28  the  subject  was  again  exposed 
to  mosquitoefl  that  had  bitten  a  dengue  patient  the  night  befort  He  was  bitten 
repeatedly  during  the  next  few  nighta  but  no  symptoms  of  dengue  developed 

Experiment  3  On  October  3  the  subject  was  inoculated  intravenouslv  with 
iinfllteted  dengue  blood  from  Case  ii  (Cliart  E)  No  symptoms  of  dengup 
developed  and  the  man  whs  retuined  to  dutj  October  11   1000 
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Case  IS — J  G  private  Company  I  Si-iteeiith  Infantrj  Tins  soldiei  belonged 
to  a  compaitv  of  the  Sixteenth  Infantry  tiint  had  furnished  twihe  <hwb  to  the 
lioapital  «ith  dengue  before  this  man  volunteered  He  had  therefore  hein 
expose  I  to  tlie  disease 

Experiment  1  On  September  12  1906  the  subject  rinsed  his  m  uth  with 
normal  salt  solution  containing  13  minims  of  dengue  bi)od  our  object  being  to 
determme  if  the  dengue  parasite  could  infect  through  an  intact  mucoua  mem 
brance     The  result  of  the  experiment  was  negative 

Experiment  2  On  September  19  the  subject  was  giien  an  intia^e  loua  inocula 
tion  of  filtered  blood  from  Case  11   (Chart  11)      No  svmptoma  deieloped 

Experiment  3  On  the  night  of  October  4  the  subject  was  exposed  to  moaquities 
that  had  bitten  Case  44  (Chart  E)  the  night  before,  and  was  bitten  at  least  twice. 
Dengue  did  not  develop. 

Experiment  4;  On  tlie  night  of  Oetobcr  15  he  was  bitten  many  times  by 
mosquitoes  that  had  bitten  a  dengue  case  two  nights  before.  The  result  was 
negative. 

Experiment  5:  On  October  22  the  subject  was  given  an  intravenous  inoculation 
of  20  minims  of  unfiltered  blood  from  Case  95  (Chart  81.  No  symptoms  of 
dengue  developed,  and  the  man  was  returned  to  duty  October  29,  I80«. 

Case  J.}.— J.  B.  P.,  private.  Company  51,  Sixteenth  Infantry.  At  the  tinio 
of  volunteering  the  company  to  wliicli  this  man  belonged  had  furnisljod  ten  men 
suffering  from  dengue  to  the  Forth  MeKinley  Hospital. 

Experiment  I;  On  the  night  of  September  24,  1906,  the  subject  was  exposed 
to  mosquitoes  that  had  bitten  Case  11  (Chart  11)  the  night  before.  He  was 
bitten  several  times  and  also  many  times  during  the  next  ten  days.  The  result 
of  the  experiment  was  negative. 

Experiment  2;  The  subject  was  exposed  October  26  and  27  to  mosquitoes  that 
had  bitten  a  typical  case  of  dengue  on  October  a5.  The  result  of  the  experiment 
was  negative. 

Experiment  3;  On  November  17  the  aubjeot  was  given  an  intravenous  inocula- 
tion of  unflltered  Mood  from  Case  82  (Chart  N),  who  was  suffering  from  a 
typical  attack  of  dengue.  No  successful  result  was  obtained  in  this  experiment, 
and  the  man  was  returned  to  duty  November  23,  1906. 

Remarks. — ^These  men  were  all  exposed  to  fomites,  in  addition  to  the  experi- 
ments outlined,  and  we  believe  that  the  results  of  these  experiments  demonstrate 
that  absolute  immunity  to  dengue  is  present  in  certain  individuals. 


We  have  already  noted  the  theories  regarding  the  contagioua  character 
of  dengue.  We  have  carefully  studied  this  portion  of  onr  subject,  and 
believe  that  the  following  facts  conclusively  prove  that  dengue  is  not 
contagious  in  the  least  degree. 

1.  At  the  hospital  at  Fort  William  MeKinley  over  600  cases  of  dengue 
were  treated  in  the  general  wards  without  a  single  ease  originating 
among  the  other  patients  in  the  wards.  Only  four  men  belonging  to  the 
Hospital  Corps  on  duty  at  this  hospital  contracted  the  disease,  three  of 
them  being  nurses  on  night  duty  in  the  wards  and  the  other  a. cook 
having  no  contact  with  the  dengue  patients.  No  precautions  were  used 
to  prevent  contagion  other  than  the  rigid  use  of  mosquito  nets  at  night, 
e  and  other  patients  eating  together,  and  being  closely  associated 
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throughout  the  day.  It  is  noteworthy  that  the  only  men  unprotected 
hy  the  mosquito  nets  at  night — that  is,  the  three  night  nurses— all 
developed  the  disease. 

3.  In  our  dengue  hospital,  where  we  treated  over  120  cases,  no  in- 
stance of  infection  occurred  among  the  attendants,  although  their  associa- 
tion with  the  dengue  patients  was  very  intimate  and  continued  for  over 
four  months. 

3.  Our  experiments  with  foniites  were  all  negative.  We  endeavored 
to  produce  the  disease  by  exposure  of  healthy  men  to  fomites,  the  men 
experimented  with  living  in  mosquito-proof  tents  with  patients  suf- 
fering from  dengue,  throughout  the  entire  course  of  the  disease.  They 
slept  in  their  beds,  wore  their  underclothing  and  pajamas,  and  ate  and 
drank  from  the  same  table  furniture.  In  this  way  we  experimented  with 
eight  men,  none  of  whom  developed  the  disease  from  such  exposure. 

We  conclude,  therefore,  that  dengue  is  not  a  contagious  disease,  and 
that  patiente  suffering  from  it  may  be  placed  in  the  general  wards  of  a 
hospital  without  fear  of  infection,  provided  precautions  are  t^ken  to 
protect  the  patients  from  mosquitoes. 

■  Conclusions  regarding  the  etiology  of  dengue. — From  our  study  of  the 
etiology  of  dengue,  we  believe  the  following  conclusions  are  justified : 

I.  No  organism,  either  bacterium  or  protozoon,  can  be  demonstrated 
in  either  fresh  or  stained  specimens  of  dengue  blood  with  the  mi- 
croscope. 

3.  The  red  blood  count  in  dengue  is  normal. 

3,  There  occur  no  characteristic  morphological  changes  in  the  red  oi 
white  blood  corpuscles  in  this  disease. 

■  4.  Dengue  is  characterized  by  a. well-marked  Icueopenia,  the  polymor- 
phonuclear leucocytes  being  decreased,  as  a  rule,  while  there  is  a  marked 
increase  in  the  small  lymphocytes, 

5.  The  intravenous  inoculation  of  unfiltered  dengue  blood  into  healthy 
men  is  followed  by  a  typical  attack  of  the  disease. 

C.  The  intravenous  inoculation  of  filtered  dengue  blood  into  healthy 
men  is  followed  by  a  tj-pical  attack  of  the  disease. 

7.  The  cause  of  the  disease  is,  therefore,  probably  ultramicroseopic. 

8.  Dengue  can  be  transmitted  bythe  mosquito,  Culex  fatigans  Wied., 
and  this  is  probably  the  most  common  method  of  transmission. 

9.  No  organism  of  etiological  significance  occurred  in  bouillon  or 
titrated  blood  cultures. 

10.  .The  period  of  incubation  in  experimental  dengue  averages  three 
days  and  fourteen  hours. 

II.  Certain  individuals  are  absolutely  immune  to  dengue,  as  proven 
by  our  experiments. 

13.  Dengue  is  not  a  contagious  disease,  but  is  infectious  in  the  same 
i  is  yellow  fever  and  malaria. 
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IV.    SYMl'TOMATOLOGY. 

It  is  of  cardinal  importance  in  considering  the  symptoms  and  diagnosis 
of  dengue  to  bear  in  niind  the  fact  that  it  presents,  in  different  epidemics 
and  in  different  individuals  in  the  =!amc  epidemic  a  lariety  of  clinic^ 
picture?  and  that  while  there  11  what  ina\  he  called  topical  dengue 
there  are  many  Tariatuns  from  the  UpL  and  there  is  no  one  =ivmptom 
that  cm  be  said  to  be  pathognomonic  or  c\en  constant  if  we  except 
fever  We  do  not  state  positively  that  nen  fe\er  is  constant  but  we 
aie  unable  to  satisfy  ourselies  tbit  a  given  case  ib  dengue  unless  it  shows 
some  feier,  particularh  at  the  on«et  This  doubtless  accounts  for  the 
different  descriptions  of  the  diseaie  that  have  leen  written  We  agree 
ttith  Guiteras  and  Cartaja  m  the  heliet  that  man^  cases  can  not  be 
propcrl}  diagnosed  e\etpt  m  the  prosenct.  of  an  epidemic  We  like 
V.111.  agree  with  them  that  it  i«  illogici!  to  differentiate  subtypes  of 
tJie  disease  according  to  the  tlommant  =!jmptom  10  we  shall  content 
ourselves  with  outlining  the  tjpical  attack  and  onimentmg  on  the 
usual  sjmptoms  In  doing  this  we  will  use  the  plan  of  the  writers 
mentioned  whose  observations  and  dcscnptions  we  consider  accurate 
clear  and  well  balanced 

Imasjm — This  is  usually  rather  sudden  and  excepbonalh  m  our 
experience  ma^  be  so  sudden  that  the  patient  has  to  sit  or  he  down 
being  unable  to  continue  the  emplovment  in  which  he  is  engaged  One 
patient  was  a  Bentr\  on  pjst  it  the  time  ho  was  attacked  and  so  sudden 
and  severe  was  the  onset  that  he  had  to  call  for  relief  However  manj 
eases  have  a  gradual  onset  mi  it  was  not  uncommon  for  men  ti 
report  sick  with  a  historv  of  Immg  felt  dl  for  a  day  or  two  or  even 
three  The  onset  is  usually  manifested  1>  pam  in  the  loins  often  also 
in  tJie  legs  with  htalache  and  fever  Freqnenth  the  sensation  is  one  of 
extreme  weariness  rather  than  of  pain  Chilliness  is  at  times  bnt  not 
usualh  complained  of  The  appetite  is  nearlj  always  impaired  and 
vomiting  or  diarrlicea  are  occasional  features 

Catarrhal  symptoms  such  as  corvza  or  bronchitis  are  not  present  unless 
as  a  complication,  and  are  usually  due  to  preexisting  causes.  Sore  throat 
is  described  as  common  in  some  epidemics.  We  observed  it  in  very  few 
eases,  and  consider  it  rare.  The  skin  is  usually  much  injected,  especially 
over  the  head  and  neck.  Injection  of  the  conjunctiva  and  lachrymation 
are  conimon  signs;  photophobia  is  uncommon.  We  have  not  seen  jaun-  ^ 
dice  of  cither  akin  or  mucous  membranes.  The  early  injection  of  the 
skin  is  described  by  some  authors  as  the  primary  eruption.  ^\'e  agree 
with  Guiteras  and  Cartaya  in  thinking  that  this  term  should  not  be  ap- 
plied to  it.  There  is,  in  practically  all  cases,  but  one  eruption,  and  it 
appears  later,  if  at  all.  We  have  seen  one  case  in  which  two  eruptioufi 
appeared,  but  it  was  the  rare  exception  which  only  served  to  emphasize 
the  rule. 
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In  a  few  cases  the  onset  is  so  gradual  and  its  manifestations  so  mild 
that  it  may  not  be  noticed  at  all.  Case  8  of  our  experimental  series, 
who  also  had  an  festivo-antujnnal  malarial  infection,  is  a  case  in  point. 
The  incubation  period  in  this  case  and  the  date  of  the  eruption  indicate 
that  he  had  had  dengue  for  about  four  days,  while  a  blood  examination 
showed  that  his  chill  and  high  fever  of  Kovomber  25  were  of  malarial 
origin, 

Fevw. — Fever  is  in  practically  alt  eases  present  from  the  beginning, 
and  in  the  majority  it  reaches  its  maximum  within  twenty-four  hours. 
This  primary  rise  may  exceptionally  be  to  40.5"  C.  (105"  F.),  or  even 
41°  C.  (106°  r.),  usually  it  reaches  to  about  39.7°  C.  (103.5°  F.). 
In  a  minority  of  cases  the  ascent  is  gradual  (see  Case  3). 

By  the  end  of  twenty-four  hours  the  temperature  has  usually  fallen 
1"  C.  (2°  F.)  or  more,  and  the  period  of  intermission  has  begun.  In 
some  cases  this  drop  in  temperature  is  delayed  until  the  beginning  of  the 
third  day,  quite  exceptionally  the  same  high  point  may  be  reached  on 
four  or  five  successive  days  (see  Case  'J). 

However,  in  the  typical  case  the  temperature  has  fallen  as  stated  at 
the  end  of  twenty-four  hours.  The  fall  may  carry  it  to  normal,  or 
only  as  low  as  37.8°  C.  {100°  F.),  38.3°  C.  (101°  P.),  or  38.9"  C. 
(103°  F.).  There  it  remains,  usually  until  the  fifth  day,  when  it  again 
rises  to  almost  as  high  a  point  as  its  early  maximum.  On  the  sixth  day 
there  is  generally  a  sudden  fall,  by  crisis,  to  normal,  and  the  disease  is 
ended.  Critical  discharges  do  not,  in  our  observation,  usually  attend 
this  fail  in  temperature,  though  profuse  perspiration  may  occur. 

When  the  chart  is  "typical"  it  is  very  characteristic  of  the  disease, 
and  enables  one  to  pronounce  a  correct  diagnosis  at  sight.  Often  it 
is  not  typical.  The  sharp  rise  on  the  first  day  and  another  on  the  fifth 
or  sixth  day,  occur  sufficiently  often,  however,  to  make  the  temperature 
chart  at  least  as  characteristic  as  in  many  other  diseases  in  which  much 
diagnostic  significance  is  attached  to  it  as  in  typhoid  fever 

Guiteras  and  Cartaya  (7)  protest  against  the  deiicription  of  the 
disease  as  one  characterized  by  two  febrile  parox\sm=!  and  contend  that 
the  fever  is  one  attack,  usually  lasting  six  da\e  and  onh  exceptionally 
subsides  to  normal  before  the  sixth  dav  We  agree  with  them  in  this, 
though  we  see  no  more  objection  to  speaking  of  two  paroxysms  m  this 
disease,  when  the  temperature  does  go  to  noimal  between  them  thin  in 
speaking  of  paroxysms  in  malaria  undtr  similar  tonditioni 

The  variations  of  this  "typical"  temperature  record  are  manifold, 
as  is  shown  in  very  many  charts  in  our  posse'^sion  However,  m  the 
majority  of  instances  the  type  maj  be  recognised  eien  through  the 
variations. 

Hyperpyrexia,  causing  dangerous  «\rnptonis  is  mentioned  as  a  rare 
occurrence.     We  have  not  observed  it 
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Meningeal  symptoms  may,  according  to  Guiteras  and  Cartaya,  so 
alter  the  chart  as  to  make  it  unrecognizahle.  We  have  not  seen  such 
cases.  Our  most  severe  case,  and  the  one  in  which  we  observed  the 
most  marked  nervous  symptoms,  showed  an  almost  "typical"  chart  (sec 
Case  10). 

Puhe. — ^The  resemblance  between  beginning  dengue  and  beginning 
yellow  fever,  and  the  dissociation  of  pulse  and  fever  in  the  latter  disease, 
give  to  the  pulse  of  dengue  an  importance  it  would  not  otherwise  merit. 
Guiteras  and  Cartaya,  who  studied  and  wrote  of  the  disease  with  iis 
differential  diagnosis  from  yellow  fever  as  their  main  theme,  summarize 
their  observations  on  the  pulse  by  saying  that  "in  general  it  is  not 
slow  as  in  yellow  fever,  and  especially  not  in  the  first  days,  hut  that 
dengue  shows  a  tendency  to  slow  pulse," 

We  have  seen  in  no  case  a  markedly  slow  pulse,  and  tiiink  that  in 
general  the  pulse  follows  the  temperature  fairly  well,  although  the  ten- 
dency to  slowness  is  most  apt  to  be  manifested  by  a  relatively  small  rise 
in  pulse  rate.  Writing  with  little  experience  with  yellow  fever,  we  should 
consider  the  pulse  a  valuable  diagnostic  feature. 

Pain. — Pain  is  usually  described  as  the  earliest  symptom.  This  is  true 
in  nearly  all  cases,  so  far  as  the  patient  knows,  but  as  before  stated, 
it  is  often  preceded  for  several  hours  by  a  rising  temperature.  The  pain 
is  frequently  severe,  infrequently  excruciating  and  immediately  disabling. 
Also  in  a  few  instances  it  is  trifling  and  very  rarely  it  may  be  absent  It 
is  in  nearly  every  case  manifested  as  headache  and  almost  as  frequently  as 
lumbar  pain.  In  a  smaller  number,  hut  still  a  large  majority  of  all 
eases,  it  is  also  present  in  the  Hrabs,  especially  in  the  calves  of  the  legs; 
less  often,  but  still  not  rarely  there  is  abdominal  pain. 

The  headache  may  be  frontal,  vertical,  temporal,  occipital  or  post- 
orbital.  Of  these  varieties  we  should  place  frontal  headache  as  first  in 
order  of  frequency,  posl^orbital  second,  temporal  third,  and  vertical  and 
occipital  as  least  frequent.  Movement  of  the  eyeballs  is  often  a  cause  of 
pain,  particularly  in  patients  complaining  of  post-orbital  pain. 

The  pains  in  the  lumbar  region,  trunk  and  limbs  are  of  varying  severity, 
in  many  cases  giving  rise  to  most  hitter  complaint,  in  others  only  being 
mentioned  in  response  to  inquiry.  Such  inquiry  will  in  the  vast  majority 
of  instances,  practically  all,  elicit  an  account  of  pain.  This  is  described 
hy  Guiteras  and  Cartaya  as  being  localised  in  the  deep  insertions  of  the 
muscles.  This  seems  to  be  the  condition  at  times,  but  almost  as  fre- 
quently the  bodies  of  the  muscles  are  affected,  especially  of  those  in 
the  legs,  where  the  fleshy  calf  is  often  very  painful.  In  spite  of  the  fact 
that  the  disease  is  called  "break-bone  fever,"  we  have  seldom  had  patients 
complain  of  pains  in  the  bones. 

Joint  pains  are  not  infrequently  complained  of,  especially  in  the 
knees.  In  only  one  case  did  we  see  marked  redness  or  swelling  of  the 
joints;  in  this  one  the  wrists  were  involved. 
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Intercostal  pain  is  very  unusual  and  pain  in  the  abdominal  muscles 
is  even  less  so ;  Guiteras  and  Cartaja  likened  the  latter  to  the  sensation 
produced  by  pressirig  a  large  iron  on  the  abdomen.  This  description  we 
have  elicited  a  few  times. 

Skin  eruption. — As  previously  stated,  the  face  is  usually  deeply  flushed 
and  the  eyes  injected  and  watery  at  tlie  onset  of  the  disease.  This 
appearance  we  have  found  verj-  characteristic,  and,  in  tlie  circumstances 
under  which  we  have  worked,  an  almost  pathognomonic  sign.  A  similar 
appearance  may  be  produced  by  so  many  beginning  diseases  that  we 
would  not  give  it  any  such  weight  where  there  was  danger  of  confusing  it 
with  such  diseases. 

The  redness  may  extend  over  the  entire  surface,  but  it  is  usually 
more  marked  on  exposed  parts,  such  as  the  face,  neck,  and  hands.  It  is 
not  a  true  eruption,  but  a  general  capillary  dilatation  and  in  appearance 
it  resembles  a  mild  sunburn,  or  the  dilatation  caused  by  a  hot  bath,  rather 
than  a  scarlatinal  rash.  It  may  last  for  any  length  of  time,  from  five  or 
six  hours  to  two  or  three  days.  It  is  not  (instantly  observed  and  we  have 
seen  a  few  eases  in  which  pallor  was  present  instead. 

We  have  in  no  case  seen  jaundice,  neither  did  "Guiteras  and  Cartaya, 
who,  of  course,  kept  it  constantly  in  mind.  These  writers  state  that  the 
skin  is  generally  hyperscsthetic.  We  have  not  noticed  such  a  condition 
and  have  had  no  complaints  of  it,  so  that  wo  assume  that  it  may  vary  in 
different  epidemics. 

The  true  rash  undoubteilly  varies  greatly  in  the  frequency  of  its 
occurrence,  as  well  as  in  its  duration  and  localization.  We  agree  with 
Guiteras  and  Cartaya  in  regarding  it  as  possibly  present  in  all  cases, 
though  not  noticed  in  all  because  it  frequently  is  faint  in  appearance  and 
of  ephemeral  duration.  While  we  have  not  kept  careful  notes  of  all  the 
patients  we  have  examined,  we  think  that  we  have  seen  the  rash  in  about 
75  per  cent  of  our  eases. 

It  most  commonly  appears  about  the  fourth  day,  not  infrequently  with 
the  terminal  rise.  At  times  we  have  seen  it  upon  the  third  day,  and 
at  least  twice  in  our  experimental  cases  upon  the  second.  As  we  received 
a  majority  of  our  cases,  excepting  those  produced  by  inoculation,  on  the 
second,  third,  or  fourth  day,  and  as  quite  a  number  had  the  eruption 
when  we  first  saw  them,  we  eould  not  determine  accurately  just  when 
it  did  appear  in  some  instances.  We  feel  well  satisiied,  however,  that  the 
fourth  or  fifth  day  usually  marks  its  first  appearance. 

The  localization  of  the  eruption  varies.  It  occurs  with  greatest 
frequency,  in  our  experience,  on  the  trunk,  either  the  anterior  or  posterior 
surface,  or  both,  being  involved.  With  this  it  may  also  appear  on  the 
wrists,  ankles,  neck,  thighs,  palms,  or  generalized  over  the  entire  body, 
e  in  the  different  locations  being  about  in  the  order  named. 
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The  appearance  of  the  rash  also  varies.  The  most  common  eruption 
more  nearly  resembles  that  of  measles  than  any  other  well-known  eruption, 
but  it  is  not  so  dark  in  color,  neither  are  the  macules  usually  bo  coarse  nor 
aggregated,  into  such  large  patches.  Another  type  resembles  scarlatina, 
consisting  of  close  set  or  coalescent,  bright,  red  points,  while  between 
these  two  are  intermediate  types.  Very  rarely  is  the  rash  so  vivid  and 
plain  as  in  scarlatina,  measles  or  rubella.  The  meaales-like  eruption  jnay 
be,  at  times,  appreciable  to  the  touch. 

In  some  of  the  scarlatiniform  eruptions  the  injection  may  be  so  intense 
as  to  produce  capillary  rupture  and  minute  extravasations,  which  show 
on  the  bright-red  background  as  small,  purple  dots.  An  eruption  of  this 
character  is  longer  in  fading  than  the  others.  These  small  extravasations 
are  more  commonly  seen  on  the  back  and  buttocks  than  elsewhere, 
possibly  because  of  the  greater  heat  and  pressure  to  which  these  parts 
are  subjected.  In  one  patient  (Cage  10)  these  smalt  extravasations  ap- 
parently suppurated ;  at  all  events,  an  abundant  crop  of  miliary  pustules, 
1  to  3  millimeters  in  diameter,  appeared  over  the  buttocks,  where  the  extra- 
vasations were  abundant.  The  jjustules  were  not  painful  and  gave 
rise  to  no  symptoms. 

Occasionally,  the  eruption  leaves  small  areas  of  skin,  from  1  to  3  centi- 
meters in  diameter,  uninvolved,  which  then  present  somewhat  the  ap- 
pearance of  wheals  on  a  blushing  surface.  We  have  not  seen  an  urticarial 
eruption. 

The  duration  of  the  rash  usually  varies  with  its  intensity,  the  well- 
marked  eruptions  lasting  longer  than  the  others,  and,  as  stated,  the  scar- 
latiniform rash  with  extravasations  the  longest.  In  one  such  case  (Case 
3)  the  eruption  lasted  eight  days.  We  have  seen  no  other  in  which  it 
lasted  so  long,  though  we  have  observed  others  Hi  which  it  was  visible  for 
a  week.  In  most  eases  it  lasts  about  two  days ;  that  is,  it  appears  on  the 
fourth  day,  or  the  fifth  and  disappears  by  the  time  the  temperature  falls, 
on  the  sixth  day.  In  many  eases  it  lasts  only  one  "day,  or  possibly  less, 
being  well  marked  one  morning  and  absent  the  next.  In  about  one-fourth 
of  our  eases  it  was  never  seen  at  all,  and  possibly  did  not  occur. 

The  disappearance  of  the  rash  in  a  minority  of  eases  is  followed  by 
a  fine  desquamation  which  will  not  be  noticed  unless  watched  for  closely. 

In  a  very  small  minority  the  desquamation  is  easily  observed  as  fine, 
bran-like,  but  abundant,  scales.  In  one  patient  whom  we  saw  but  did 
not  have  under  our  care,  the  skin  of  the  hands,  anus  and  feet  came  off  in 
large  strips,  many  of  them  an  inch  square. 

AlimentaTy  system.— The  tongue  in  nearly  all  cases  presents  a  charac- 
teristic appearance.  At  first  it  is  covered  by  a  light,  crearalike  coat  which 
rapidly  thickens  and  darkens  in  the  middle,  disappearing  from  the  edges; 
during  the  rest  of  the  attack  the  tongue  usually  presents  a  heavy,  yellowish 
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central  coat,  with  a  red  tip  and  edges.  It  remains  moist  throughout  and 
shows  no  tendency  to  fissure.  Tlie  breath  is  heavy  and  at  times  foul, 
especially  in  cases  showing  constipation. 

The  appetite  is  practically  always  impaired  or  absent  for  the  first  few 
days.  By  the  third  or  fourth  day  most  of  our  patients  were  very  hungry 
and  asked  for  full  diet,  .which  all  hut  two  or  three  of  them  relished. 

Nausea  and  vomiting  occurred  in  a  few  cases,  as  did  diarrhcea.  This 
last  was  profusfe  and  watery,  but  we  never  saw  either  mucus  or  blood  in 
the  stools,  though  both  are  said  to  occur  at  times.  The  vomiting  and 
diarrhoea  which  we  observed  always  occurred  at  the  onset  of  the  disease, 
and  not  as  manifestations  of  the  crisis. 

As  a  rule,  slight  constipation  is  present,  necessitating  tlie  administra- 
tion of  laxatives.  As  our  patients  were  all  soldiers  leading  active  lives 
and  taking  much  exercise,  it  is  not  improbable  that  the  inaction  of 
hospital  confinement  had  as  much  influence  as  the  disease  in  producing 
the  constipation. 

Nervous  symptoms.—The  most  constant  of  these,  the  pains,  have 
already  been  discussed.  In  three  cases  we  have  had  delirium,  that  in  one 
was  very  mild,  in  another  slightly  more  marked,  and  in  the  third  at- 
tended with  marked  hysterical  symptoms  and  hallucinations.  In  all 
tliree  eases  the  delirium  was  observed  only  at  night,  and  in  two  it  occurred 
as  the  patient  was  falling  to  sleep  and  may  have  been  merely  the  manifes- 
tation of  troubled  dreams.  The  other  ease,  Case  10,  was  as  severe  a  one 
as  we  saw,  hut  even  in  it  the  symptoms  pointed  rather  to  hysteria  than 
to  meningitis,  and  we  afterwards  learned  that  the  patient  had  for  several 
years,  been  subject  to  ner\'ous  attacks,  beginning  when  he  was  a  small 
boy  and  continuing  until  about  two  years  ago.  He  also  Jiad  an  attack, 
similar  to  the  one  he  Ihowod  during  his  fever,  a  short  time  after 
his  return  to  dut}'.  In  this  attack  he  got  out  of  bed,  ran  about  the 
room,  shouted,  wept  and  talked  to  his  mother,  who  was  of  course  not 
present.  He  was  quieted,  and  the  next  day  was  impressed  witli  the  folly 
of  his  conduct  and  the  necessity  for  maintaining  self-control.  Since  that 
time,  now  nearly  three  months,  he  has  had  no  trouble,  and  has  performed 
his  full  duty. 

We  have  not  seen  the  "meningeal  type"  of  the  disease  as  it  has  been 
described  by  others,  nor  have  we  heard  of  any  such  eases  occurring 
during  this  epidemic.  We  have  not  seen  peripheral  neuritis,  unless  some 
of  the  pains  were  due  to  such  lesions,  in  which  case  the  neuritis  did 
not  outlast  the  other  symptoms  and  must  have  been  trifling. 

Insomnia  was  frequently  observed  while  the  fever  was  high  and  the 
pain  severe.  It  was  so  evidently  dependent  on  tJieee  causes  and  dis- 
appeared so  soon  that  it  did  not  require  treatment 

Disturbances  of  the  circulatory  apparatus  should  probably  .be  considered 
here.     A  considerable  minority  of  patients  complained  of  pain  or  dis- 
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comfort  m  the  pratordiuni  or  of  a  'ienaa  of  aufEopatioii  anl  one  man 
had  an  attack  of  sjncope  while  eating  In  none  of  these  cases  were  we 
abk  to  discover  any  sign  of  heart  lung  or  pencardial  lesion  N'ot  even 
the  cardiac  rhythm  was  dnturhed  during  any  of  our  examinations 

However  the  frequenty  of  complaint  and  the  fiet  that  one  man 
actuallj  fainted  ''how  that  the  cirLulition  is  often  listurbed  in  this 
disease  and  th  s  dittirbance  prompts  us  to  join  with  other  writers  in 
pointing  out  the  necessity  for  guarding  against  accidents  from  such  a 
caiibe 

Hcemorrhajes — Several  writers  speak  ot  the  ttndencv  to  hfemoirhagee 
and  Guiteras  and  Caifaja  whose  case^  were  many  of  them  sent  to  the 
hospital  as  yelbw  fever  buipecth  noted  it  in  almost  a  fifth  of  the  cases 
they  stuiied  ^\e  did  not  observe  hEem>rrhages  in  an^  instance  if  we 
except  the  small  capillary  ruptures  described  aa  an  occasKiial  feature  of 
the  eruption 

The  possibility  of  the  occurrence  cf  hemorrhages  from  other  parts 
should  be  kipt  m  mmd  especial^  m  yellow  fever  countries  for  though 
Guiterae  and  tartaya  observel  none  frcm  the  stomach  or  bowels  other 
V.  riters  say  they  may  occur 

Lymphatic  glai  Is — It  is  stated  by  some  observers  that  the  Ivmphatn. 
glands  show  an  enlargement  luring  this  disease  This  observation  we 
can  not  confirm  as  wt  saw  no  lymphatic  enlargements  except  in  cases 
which  hal  6hown  them  prior  to  the  onset  of  dengue  or  who  leveloped 
mgumal  adenitis  from  coexisting  venereal  1  seise 

Siooc?— The  results  of  the  eximinatnn  f  the  bl  >nd  have  ilreidv  been 
considered 

hnnt. — Guiteras  and  Cartaja  state  that  albumen  may  often  be  found 
in  the  urine  if  very  delicate  tests  are  used,  they  detecting  it  in  41  per  cent 
of  their  cases.  We  have  never  seen  any  symptoms  referable  to  the  urinary 
system  except  in  a  few  men  who  had  a  coexisting  gonorrhoea,  and  we 
therefore  did  not  have  the  urine  examined  in  many  instances.  We  had 
eight  urines  examined,  and  they  were  ail  normal  hut  one.  However,  our 
experience  indicates  that  in  some  epidemics  the  condition  of  the  urine 
gives  more  valuable  information  for  a  differential  diagnosis  between 
dengue  and  yellow  fever  than  Guiteras  and  Cartaya  thought. 

Convalescence. — Many  writers  state  that  convalescence  is  often  pro- 
longed and  tedious,  and  apt  to  be  protracted  by  such  complications  as 
boils,  joint  affections,  muscular  pains,  or  weaioiess  in  the  knees.  In  aU  of 
our  cases  convalescence  has  been  prompt,  practically  all  patients  expressing 
a  desire  to  return  to  duty  as  soon  as  the  temperature  fell. 

Mortality.— All  observers  agree  in  saying  that  the  mortality  in  dengue 
is  so  low  as  to  be  almost  nothing.  During  the  Australian  epidemic 
94  deaths  occurred  from  the  disease  in  Brisbane,  The  Robertson  com- 
mittee estimated  that  this  represented  about  one  death  in  1,000  cases; 
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the  mortality  was  relatively  greater  in  females  than  in  males,  and  was 
highest  at  the  extremes  of  life;  patients  under  5  years  of  age  contributing 
37.6  per  cent  of  all  deaths,  those  over  60  years  35.5  per  cent. 

We  have  seen  no  deaths,  and  have  heard  of  none  during  the  epidemic 
we  have  studied.  The  diseaw  loei  it*)  hann  frim  i  m  litary  standjojnt 
by  disabling  such  largp  numbers  of  men  at  one  time  When  TOO  men  out 
of  1,000  or  1,300  are  disabled  for  a  penol  of  at  least  a  week  each  the 
work  of  the  commau  1  must  of  course  suffer 


As  indicated  in^lie  <.onsjderation  of  the  jmptomb  the  liagnosis  of 
dengue  will  often  not  be  made  except  in  the  presence  of  an  epidmic  m 
which  case  the  tendemy  would  probaHy  be  to  call  an^  painful  affection 
of  sudden  onset '  dengue  ' 

The  faiilj  characteristic  temperature  chart  the  "sud  len  >nset  severe 
pain,  flushed  face  the  coated  tongue  the  eruption  an  1  the  leucipema  and 
lymphocytosis  unite  to  make  the  ordinary  rase  eas\  if  liagnosis  eapeciallj 
m  the  presence  of  an  epidemic 

Care  is  required  under  \aricus  conditions  m  differentiating  dengue 
from  yellow  fever  mtlana  influenza  icarlet  fever  measles  syphilis 
tonsilitis,  rheumatism   smallpox  and  meningitis 

Yellow  fever. — The  differential  diagnwis  between  yellow  fc\cr  and 
dengue  is  probably  the  most  important  we  have  to  consider  aa  the  two 
diseases  occur  side  by  siie  m  America  and  mistaken  diagnosis  m  ght  lead 
to  the  gravest  consequences  as  a  supposed  iengue  case  is  n  t  apt  to  be 
so  carefully  guarded  from  mosquitoes  as  is  a  known  one  of  mellow  fe\er 

Gtuiteras  and  Cartava  experienced  m  both  liseai^es  8a\  th^t  the  mist 
valuable  differential  signs  are  the  slower  pulse  the  jaundice  and  the 
haematemesis  in  yellow  fexer  None  of  the=!P  arc  apt  to  occui  in  dengue 
Add  to  this  the  greater  liability  to  albuminuria  in  yellow  fc\er  the 
character  of  the  prevailing  epidemic  the  mortilit\  the  absence  o±  the 
eruption  and  probabl}  the  blood  examination  which  in  yellow  fever  does 
not  show  the  characteristic  leucopenia  and  tymphoc^  tosi-*  of  dengue  and 
in  the  great  majority  of  cases  the  dia^osis  will  be  clear  Ne^ertheleis 
it  would  be  the  part  of  wisdom  in  all  doubtful  case"*  tc  wt  as  though  the 
disease  were  yellow  tever 

Malaria. — The  history  and  the  microscope  will  usually  make  an  earh 
differentiation  possible  In  case  thev  do  not  do  so  quinine  will  do  little 
harm. 

Influenza. — The  geographical  and  seasonal  distribution  of  the  two  dis- 
eases do  not  correspond  Dengue  occnis  only  with  the  mosquitoes  id 
fluenza  where  mosquitres  are  absent  and  oftcnest  m  cold  weathei  In 
fluenza  is  usually  accompiniel  by  catarrhal  symptoms  dengue  rarely  ao 
and  theu  only  accidentally      Dengue  usually  shows  an  eruption  of  a 
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scarlatinal  or  rubeoloid  type   influenza  doe''  not     Lcucoponia  and  Ivm- 
phocytosis  point  more  strongly  to  dengue 

Scarlatina — The  occurrence  or  nature  of  the  epidemic  the  "seasonal 
occurrence  the  almost  entire  absence  of  aore  throat  and  ceivieal  gUndular 
■swelling  the  age  of  the  patient  the  less  marked  to\ic  symptoms  tl  e 
temperature  chart  the  leucocyte  count  in  1  tl  c  is  lalh  si  gl  t  desqnama 
tion  will  m  neaily  all  instances  set  leng  c  apart  from  scarlat  na 

Measles — The  more  sulden  (ns  t  of  dengue    the  greater  pam    the 
absence  of  corjza  the  appearance  it  the  temperature  cl  ait  tl  e  ep  dem 
and  its  season  ueuallv  makes  this  differentiation  easj 

Syphtlw — Confusion  with  syphilis  mil  cccur  but  rareh  and  mh 
m  individual  cases  In  bu  h  caies  the  lii'stor^  the  chart  the  usualh 
less  violent  onset  of  sympton  a  the  exammat  on  for  chancre  nucous 
patches  etc    will  practically  always  enabk  one  to  make  a  liagnosis 

fonsthtts —The  cnstt  of  atute  follicular  tonsilitis  "^  at  times  in  its 
sullcnness  its  painfulniss  anl  fc\er  much  like  that  of  dengue  Tie 
^ammat  on  of  the  tl  i  at  is  usualh  sufficient  for  the  n  ak  ng  of  a  orrect 
1  agnosiB 

Rheumahc  f  \e) — Acute  arti;,ular  rl  eumat  sm  is  at  times  lut  in 
usually  simulated  by  lengue  In  the  latter  disease  the  joint  in\ohe 
ment  when  present  is  less  marked  anl  more  phtrntral  while  the  ether 
lengue  symptoms  espLcially  tht  eruption  make  the  d  agnos  s  clear 

t»  aUpox  —  1 1  e  sud  len  jnset  tht  flushel  fate  the  violent  pam  m  the 
head  an  1  back  the  h  gh  temperature  make  the  early  stages  of  smallpox 
rtsemble  those  of  dengue  md  it  is  probable  that  smallpov  developing 
luring  lengue  cpien  t  will  often  be  mistaken  for  it  Ihe  1  istory  of 
exposure  to  smallpox  the  aluente  or  great  age  of  \&ec  nation  stars  «oul  1 
point  to  that  disease  while  the  evolution  of  the  pocks  would  soon  put  the 
case  beyond  thu  realm  of  doubt 

Memngttts — Some  of  the  cases  ot  the  nenmgeal  t^pe  of  dengue  at 
describeil  by  other  writers  can  probably  only  be  different  atei  from 
epidemic  eerebro  spinal  meningitis  by  the  presence  of  the  dengue  epidemn, 
nd  the  result  f  the  batt  r  obgi  al  examinations  of  the  fluil  obtained  I  } 
sj  mal  pi  ncture 

\I     TRFVTMENT 

Prophylaxis, — We  believe  that  our  observations  and  the  total  failure 
of  all  our  attempts  to  transmit  the  disease  by  fomites  or  contact  indicate 
the  character  of  the  prophylactic  measures.  Protection  from  mosquitoes 
is  probably  all  that  is  necessary,  but  there  is  the  posibility  that  other 
transmission  of  infected  blood  may  rarely  occur,  as  for  example  through 
other  insects,  infected  hypodermic  needles,  and  in  a  few  other  possible  but 
improbable  ways.  We  believe  that  in  the  case  of  the  military  service  the 
screening  of  barracks  would  prevent  such  epidemics  as  the  one  which  oe-  , 
curred  at  Fort  William  McKinley,  and  it  would  appear  that  economy 
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would  be  subserved  by  the  screening  of  all  barracks  and  quarters  in  coun- 
tries where  malaria  and  dengue  are  prevalent. 

Medidnai. — Our  cases  did  not  receive  treatment  except  in  a  few  in- 
stances and  for  special  symptoms,  as  we  wished  to  obtain  a  picture  of  the 
unaltered  disease.  To  judge  from  our  observations  on  these  untreated 
cases  we  think  that  other  than  symptomatic  treatment,  to  promote  the 
patient's  comfort,  is  not  called  for. 

Cold  bathing,  sponging,  and  the  use  of  ice-caps  are  advisable  to  keep 
the  temperature  within  bounds;  for  the  pain  and  nervous  symptoms, 
opium  and  bromides  would  probably  be  safer  routine  measures  than  the 
use  of  the  coal-tar  products;  because,  first,  in  this  disease  they  are  more 
effective,  and,  second,  they  would  be  less  apt  to  harm  an  alreeidy  disturbed 
heart. 

yil.    CONCLUSION. 

In  concluding  our  report  wc  desire  to  express  our  appreciation  of  the 
encouragement  and  aid  rendered  us  by  Maj.  Gen,  Leonard  Wood,  com- 
manding the  Philippines  Division,  without  which  it  would  have  been 
impossible  for  us  to  have  made  these  researches.  We  also  desire  to 
thank  Dr.  E.  P.  Strong,  the  Director  of  the  Biological  Laboratory  of 
the  Bureau  of  Science,  for  the  use  of  apparatus,  and  Mr.  Charles  S. 
Banks,  Entomologist  of  the  Biological  Laboratory,  Bureau  of  Science, 
who  rendered  us  assistance  in  the  identification  of  mosquitoes. 
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EXPLANATION  Of  MAP. 


Tlie  niap  is  intended  to  illustriitc  tlie  spiead  of  tlie  epidemic  of  dengue  tliroiigli 
the  post  of  Fort  WUIiBin  JIcKinley,  Ri7Jil  Pro\-ince,  P.  I. 

Tlie  letters  placed  opposite  tlie  barracks  indicate  tlie  company  occupying;  tliein, 
and  the  figures  accompanying  the  letters  indicate  the  order  in  wliicli  the  barracks 
were  infected.  It  will  be  obaen-ed  that  barracks  widely  separated  heeanio  infected 
before  others  in  apposition,  and  that  tlie  last  barracks  to  become  infected  were 
tbose  of  the  Eiglith  Cavalry. 

Tlie  red  line  indicates  the  course  of  a  small  stream  of  water  which  is  on  ideal 
breeding  placp  for  ntosijuitoes. 
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A  Text-Book  of  Pathology.  By  Alfred  Stengel,  M.  D.  With  3BB  illuBtrations 
in  the  text,  many  of  tliem  in  colors,  and  7  fuU-piige  cliromolithographic  plates. 
Fiftli  edition,  thoroughly  revised.  Cloth,  Pp,  flTll.  Price,  85,00  net;  half 
moroceo,  $6.00  net.  Philadelphia  and  London:  W.  £.  Saunders  Company, 
1006. 

It  is  olivjous  tliat  a  work  upon  patliology  which  has  reached  a  fifth 
edition  in  a  period  of  eight  years  must  be  possessed  of  more  than  ordinary 
merit,  and  have  answered  the  needs  of  those  who  have  eonsiilted  it. 
Written  from  the  standpoint  ot  the  clinical  pathologist,  the  subjects,  in 
the  work  under  review  are  presented  in  such  a  manner  as  to  he  of  the 
greatest  service  to  the  practitioner  and  student  of  medicine,  and  taken  as 
a  whole,  the  work  is  one  of  the  most  valuable  treatises  upon  pathology 
contributed  by  an  American  author.  This  edition  is  well  up  to  date 
and  much  recent  work  has  been  incorporated  or  summarized;  however, 
we  greatly  miss  references  to  the  literature  of  the  various  subjects 
discussed,  especially  in  that  portion  of  the  work  devoted  to  the  animal 
and  vegetable  parasites,  where  a  few  well-chosen  references  would  have 
proven  of  great  value  to  the  student. 

The  first  six  chapters  of  the  work  are  devoted  to  general  pathology, 
and  are  most  excellent,  especially  the  chapter  upon  progressive  tissue 
cJianges,  in  which  is  given  a  beautifully  illustrated  and  concise  description 
of  the  histo-pathology  of  tumors. 

Chapters  7  and  8  are  devoted  to  the  bacteria  and  the  diseases  due  to 
them  and  to  the  animal  parasites.  In  the  reviewer's  opinion  the  inclusion 
in  a  test-book  ot  pathology  of  anything  like  an  adequate  consideration  of 
the  vegetable  and  animal  parasites  infecting  man  is  impossible  and  might 
better  he  altogether  on_iitted,  but,  unfortunately,  it  has  become  a  custom 
to  attempt  to  do  so,  and  the  chapters  referred  to  are  very  satisfactory  and 
the  subjects  are  presented  in  an  attractive  manner ;  the  author  has  accepted 
the  classification  of  amoebfe  as  defined  by  Schaudinn,  and  includes  the 
Spirochcetm  under  the  bacteria.  As  regards  the  position  of  the  Spiro- 
chatcE,  it  would  have  been  better  to  have  regarded  their  biological  position 
as  uncertain,  especially  as  the  recent  work  of  Breinl  appears  to  have 
disproven  that  of  the  adherents  of  the  bacterial  theory  and  again  swung 
the  pendulum  toward  the  Protozoa.  The  illustrations  in  this  section 
of  the  work  are  as  a  rule  good,  but  many  of  them  are  reproductions  of 
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old  and  imperfect  woodcuts;  the  photomicrograph  given  of  Treponema 
pallidum  could  much  better  haie  been  used  to  represent  refnngens  for 
it  is  not  at  all  typical  of   pallidum 

The  remainder  of  the  work  i*-  devoted  to  special  pathology,  is  hoII 
illustrated,  and  presents  the  ''uhjett  in  an  interesting  and  instructive 
manner;  owing,  undoubtedlv  to  hck  of  "^pate  mam  imjortint  subjects 
are  merely  mentioned,  or  the  deucnptions  are  so  bntf  is  to  be  of  little 
practical  value.  The  pathologv  ot  the  disease's  of  thi.  Tropics  has 
suffered  more  in  this  v/a^)  than  any  other  branch  of  mei  icme  as  an 
instance  of  which  may  be  mtntioned  the  description  of  the  pathologv  of 
dysentery;  no  distinction  ir  mu  e  between  the  pathology  of  specihc  or 
bacillary  dysentery  and  the  amccbic  variet\  and  the  Shiga  bacillus  is 
not  even  mentioned  by  name,  but  referred  to  as  a  bacillus  resembling 
the  typhoid  ba<;illus."  It  is  unfortunate  that  so  e\cellent  a  work  as  the 
one  before  us  should  be  marred  b>  so  unsati  a  factors  a  description  of  the 
pathology  of  this  important  group  of  infections 

The  book  is  carefulh  indexed  and  is  well  printed  and  bound 

<_    F  C 


The  Elements  of  the  Science  of  Nntrition.  By  Graliam  Lusk,  Fh.  D,,  M.  A.. 
F.  H.  S.  (Edin.)  lilustratpd.  Cloth.  Pp.  326.  Price  $2.S0  net.  Philadel- 
phia and  London:   W.  B.  Saunders  Company,  1906. 

Professor  Liisk  has  given  a  very  clear  and  comprehensive  review  of  the 
known  facts  about  the  very  comples  subject  of  nutrition,  including  the 
results  of  his  own  careful  work.  The  book  deals  largely  with  the  scientific 
side  of  the  subject  and  contains  little  of  the  practical  details  usually 
prominent  in  books  upon  this  subject.  It  is  to  be  hoped  that  the  study 
of  such  books  as  this  one  together  with  the  works  of  Pawlaw,  Atwater, 
Chittenden  and  others  who  are  doing  so  much  toward  elucidating  the 
problems  of  nutrition  will  lead  to  the  more  general  practice  qf  this 
subject  upon  a  scientific  basis. 

W.  E.  M. 
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I.  INTHODUCTION. 

The  experimental  work  which  constitutes  the  basis  of  this  report  was 
undertaken  with  the  object  of  throwing  further  light  upon  certain  prac- 
tical problems  in  relation  to  pest  immunity,  and  particularly  with  the 
idea  of  determining  the  most  efficacious  method  of  protective  inoculation 
against  plague.  The  subject  of  immunization  against  pest  is  not  only 
of  general  scientific  interest,  but  at  least  to  several  tropical  and  sub- 
tropical countries  is  of  great  practical  importance.  One  need  only  recall 
the  mortality  in  India  of  nearly  a  million  deaths  from  this  disease  during 
the  past  year  (1905)  to  be  impressed  with  the  importance  of  the  problem, 
and  while  it  is  true  that  at  present  no  epidemic  of  plague  exists  in  the 
Philippine  Islands,  yet  sporadic  cases  occur  from  time  to  time  and  it 
must  be  recalled  that  only  a  few  years  ago  (1903)  it  was  thought  by 
the  Board  of  Health  advisable-  and  necessary  to  perform  among  the 
Chinese  of  the  city  of  Manila  general  inoculations  against  this  disease. 

It  is  true  that  the  subject  of  protective  inoculation  against  plague  has 
received  considerable  attention  during  the  past  few  years  and  that  prophy- 
lactics have  been  recommended  by  several  authors,  but,  while  it  is 
admitted  that  by  their  use  a  certain  degree  of  pest  immunity  can  be 
produced  and  demonstrated  in  a  number  of  the  more  insusceptible  animals 
and,  occasionally,  even  in  those  very  susceptible  to  this  infection,  never- 
theless, it  has  sometimes  seemed  questionable  whether  we  were  able,  by 
the  inocultion  of  these  prophylactics,  to  obtain  in  man  an  immunity  of 
such  a  degree  as  to  be  protective  against  the  natural  and  usual  methods 
of  infection  by  the  malady.  Thui,  Kolle  called  attention  to  the  fact 
that  since,  by  the  use  of  even  very  large  doses  of  the  killed  pest  organisms 
only  exceptionaly  were  we  able  to  immunize  against  pest  infection  the 
animal  which  is  most  susceptible  to  plague,  namely,  the  guinea  pig,  it 
seemed  very  doubtful  if  favorable  results  could  be  obtained  in  man,  where 
relatively  much  smaller  doses  of  the  killed  cultures  were  injected.  Yet, 
from  1898,  when  protective  inoculation  wa""  first  introduced,  up  to  the  time 
of  my  first  report  on  vaccination  agamit  plague  in  November,  1905,  no 
other  methods  except  those  in  which  the  killed  cultures  were  employed 
had  been  used  in  the  very  extensive  human  inoculations  performed  against 
this  disease  in  India  and  in  other  countries 

In  the  latter  part  of  the  year  1903,  when  the  Board  of  Health  of 
Manila  was  practicing  among  the  Chinese  in  this  city  protective  inocula- 
tion against  plague  by  the  injection  of  the  killed  cultures  of  the  pest 
bacillus,  the  method  at  that  time  carried  on  in  Japan  and  consisting  of 
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the  injection  of  1  oeee  of  a  34-lioiir  slant  agar  culture  of  Bacillus  pestis 
suspended  and  killed  in  1  cubic  centimeter  of  0.085  saline  solution,  I 
decided  to  investigate  whether  any  immune  substances  became  developed 
in  the  serum  of  the  inoculated  individuals.  It  did  not  seem  possible 
to  me  that  any  appreciable  degree  of  immunity  could  be  acquired  from 
these  inoculations,  owing  to  the  small  size  of  the  dose  and  the  very  mild 
local  and  general  reaction  which  resulted  from  the  injections.  I  therefore 
studied  the  agglutinative  and  bactericidal  reactions  of  the  blood  serum  of 
13  cases,  6  of  whom  had  been  inoculated  two  weeks  and  6  three  weeks 
previously  with  1  oese  of  the  killed  pest  culture.  The  agglutinative 
reactions  were  performed  by  the  macroscopic  method  and  the  bactericidal 
reactions  according  to  the  one  suggested  by  Neisser  and  Wecheberg.  No 
traces  of  agglutinins  or  of  hacteriolysins  could  be  demonstrated  in  the 
sera  of  any  of  the  individuals.^  Obviously,  these  experiments  in  them- 
selves were  not  considered  to  he  conclusive  evidence  of  the  fact  that  no  im- 
munity was  conferred  upon  the  inoculated,  since  it  was  already  reeognined 
at  this  time  that  these  antibodies  were  frequently  and  indeed,  usually, 
not  encountered  even  in  the  blood  sera  of  individuals  who  had  recovered 
from  an  attack  of  plague  and  were  immune  to  this  disease.'  Therefore, 
experiments  in  animals  were  resorted  to  in  order  that  more  information 
on  this  subject  might  be  obtained.  Ten  guinea  pigs  were  inoculated 
subcutaneously,  each  with  the  same  dose  that  was  being  employed  in 
the  general  human  inoculations  in  this  city.  After  two  weeks  the  im- 
munity of  these  animals  was  teste<l  in  the  following  manner.  One  oese 
of  a  virulent  peat  organism  was  suspended  in  1  cubic  centimeter  of  0.085 
saline  solution  and  5  oesen  of  this  suspension  nibbed  over  a  freshly  shaved 
area  on  the  abdomen  of  the  guinea  pig.  All  of  the  animals  succumbed  to 
acute  pest  infection,  demonstrating  conclusively  that  an  immunity  of 
appreciable  degree  had  not  been  produced.  A  short  time  after,  the 
important  paper  of  Kolle  and  Otto*  was  published  in  which  the  unfa- 
vorable results  from  the  immunization  of  guinea  pigs  with  large  doses 
of  killed  agar  cultures  of  the  pest  bacillus  or  with  Haffkme's  prophylactic 
were  reported.  It  therefore  seemed  to  me,  at  that  time,  more  advisable 
to  experiment  further  with  other  methods  of  immunization  against 
plague,  before  insisting  upon  the  use  of  larger  amoitnfs  of  more  virulent 

'These  experimentB  were  undertaken  at  this  time  because  the  statement  had 
previously  been  made  that  agglutinins,  at  least  in  some  cBBea,  had  been  demon- 
strated in  the  blood  serum  of  human  beings  who  had  been  inoculated  against 
plague  a  short  time  before  with  Haffkine's  prophylactic,  a  eonelusion  which  I 
have  not  been  able  iv  any  manner  to  confirm. 

'Experiments  demonstrating  the  fact  that  animals  immune  to  pest  infection 
may  still  show  no  traces  of ,  agglutinins  in  their  blood,  together  with  those 
demonstrating  the  absence  of  a  true  bacteriolytic  action  of  plague  ii 
will  be  presented  later  in  this  paper. 

'Ztichr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.   (1903),  45,  507. 
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killed  pest  cultures  in  the  hiimaii  inoculations  being  pursued  in  this 
city.  Further  results  obtained  bj'  KoUe  and  his  associates  in  Berlin, 
and  the  animal  experiments  made  here,  having  demonstrated  that  in 
very  susceptible  animals  at  least,  satisfactory  immunization  could  only 
exceptionally  be  produced  by  the  methods  of  human  inoculation  then  in 
vogue,  this  laboratory  recommended  to  the  CommisBioner  of  Health  in 
Manila  the  suspension  of  the  human  inoculations  with  killed  cultures 
of  the  pest  bacillus,  and  has  not  since  recommended  to  our  Government 
any  method  of  protective  inoculation  against  plague  as  an  efficient  pro- 
cedure against  the  extension  of  this  disease.  However,  further  experi- 
mentation, which  I  have  carried  on  as  continuously  as  was  practicable 
for  the  past  year  and  a  half,  has  demonstrated  that  a  setiefactory  im- 
munity can  be  obtained  in  the  guinea  pig,  an  animal  even  more  susceptible 
to  plague  infection  than  is  man,  by  the  inoculation  of  living  cultures 
of  plague  bacilli  of  such  attenuation  that  they  are  no  longer  dangerous 
when  injected  into  human  beings.  Therefore,  this  laboratory  believes 
that  by  the  method  of  vaccination  ^  against  plague  with  suitable  cultures, 
we  have  probably  an  efficient  measure  for  the  control  of  this  infectious 
disease,  and  we  recommend  its  adoption  for  this  purpose. 

At  present  there  is  not  sufficient  plague  in  this  city  to  warrant 
the  employment  of  general  vaccination  against  the  malady,  but  it  is  hoped 
that  the  method  may  be  given  a  thorough  and  careful  trial  in  certain 
districts  of  India  where  plague  is  always  present  in  sufficient  amounts 
to  justify  its  use.  A  preliminary  report  on  the  subject  of  vaccination 
against  plague  was  presented  to  the  Manila  Medical  Society  in  November, 
1905,  and  published  in  an  earlier  number  of  this  Journal.^  In  the 
present  article  further  evidence  of  the  entire  safety  of  vaccination  in  man 
against  plague  with  suitable  cultures  will  be  presented,  together  with 
the  experimental  work  which  demonstrates  conclusively  the  efficacy  of 
this  procedure  and  its  superiority  to  other  methods  of  protective  inocula- 
tion, including  those  in  which  both  natural  and  artificial  plague  a 
so  recently  described,  are  employed. 


"  Tlie  term  "vaccination"  is  employed  in  this  article  only  in  the  sense  in  which 
it  was  primarily  used  by  Jenner  and  Pasteur  (immunization  with  the  living, 
attenuated  organism)  and  is  not  applied  to  forms  of  protective  inoculation  in 
which  the  killed  organisms  or  tlieir  extracts  are  employed.  See  Kolle'a  previous 
remarks  on  this  subject. 

'This  Journal  (1906),  1,  181. 
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IT.  DISCUSSION  OF  THE  PIJOPHYLACTTCS  PREVIOUSLY 
EMPLOYED. 

Before  proweding  directly  to  this  discussion  of  t!ie  experimental  work, 
it  will  be  advantageous  to  mention  the  various  propli3-lac'tics  which  have 
already  been  used  in  human  beings,  and  briefly  to  review  the  methods 
of  preparing  them  and  the  immunising  powers  which  they  possess. 

1.    METHODS   OP   PHEl'ARATIOK. 

Haffkinr'a  '  prophy lactic  against  plagui>  tonaiata  of  thu  killed  liuuillon  fultuics 
of  the  peat  bacillus.  The  organism  is  grown  in  3-liter  flasks  of  bouillon  upon 
the  surface  of  which  cinrifieil  butter  or  coconut  oil  is  distributed.  Tlie  cultures 
are  kept  for  six  weeks  at  a  temperature  between  25°  and  3U°  C.  The  bacteria 
form  stalactite- like  growths,  whicb  extend  from  beneath  the  surface  of  the  oil 
downwards.  The  flasks  are  shaken  every  few  days,  when  the  organisms  fall  to  tbp 
bottom  of  the  vessel  and  a  new  growth  takes  place  above.  After  five  or  six 
weeks'  growth,  in  order  to  be  sure  tliat  the  bouillon  cultures  are  pure,  subcultures 
are  made  from  them  upon  agar  slants.  The  bouillon  cultures  are  then  killed  by 
heating  for  one  hour  at  05°  to  70°  C.  and,  after  their  sterility  is  proven,  sufficient 
carbolic  acid  is  added  to  form  a  0.5  per  cent  solution.  The  piophylactic  is 
placed  in  30  cubic  centimeter  bottles  and  it  must  be  shaken  before  use,  since 
the  killed  bacteria  naturally  settle  to  the  bottom  of  the  vessel.  The  dose  for 
men  is  from  3  to  3.5  cubic  centimeters,  for  women  from  2  to  2.5  cubic  centimeters 
and  for  children  from  0.5  to  1  cubic  centimeter.  Recently,  HalTkine  has  in 
special  cases  recommended  as  high  as  20  cubic  centimeters  for  a  single  injection. 
He  also  frequently  advises  a  set-ond  and  even  a  third  inoculation. 

Another  form  of  prophylactic  against  plague  is  that  which  was  recommended 
by  the  German  Plague  Commission"  ((laffky,  Pfeiffer.  Sticker  and  Dieudonnfl) 
and  which  consists  of  the  killed  agar  cultures  of  the  virulent  pest  bacillus. 
Forty  eight  hour  agar  slants  of  the  organism  are  suspended  in  saline  solution 
or  bouillon  and  killed  by  heating  for  one  hour  at  65°  C.  Carbolic  acid  is  thwi 
added  to  0.5  per  cent.  The  dose  for  a  grown  man  is  one  agar  culture.  This 
prophylactic  has  many  advantages  over  that  recommended  by  Haffkine  since 
with  it  an  accurate  dose  as  well  a  fixed  virulence  for  the  organism  employed 
can  be  obtained.  Moreover,  it  is  much  less  dangerous,  since  either  the  tetanus 
bacillus  or  the  organism  of  malignant  cedema  may  develop  in  the  bouillon  cultures. 
Such  anaerobic  organisms  will  naturally  not  multiply  on  the  agar  slants. ' 

Haffkine  claimed  as  an  advantage  of  his  method  that  certain  metabolic  sub- 
stances of  the  plague  bacillus  were  Contained  in  the  fluid  media  which  rendered  tlie 
prophylactic  more  effective. 

^Brit.  Med.  Joum.  (1897),  1461;  also  Lancet  (18 
'  Berieht.   der  deutaeh.   Pest  Kommission.     Arb. 
(1899),  16,  306. 
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However,  both  the  German  Plague  Commission  and  KoUe  have  shown  that 
the  immunizing  substances  in  Haffkine's  prophylaetie  are  mainly  contained  in 
the  sediment  consisting  of  the  killed  organisms.  Kolle'  showed  that  the  clear 
fluid  drawn  off  above  the  dead  bacteria  possessed  but  little  immunizing  power  and 
further  demonstrated  that  the  numlier  of  bacteria  in  the  old  bouillon  cultures 
was  very  small  in  proportion  to  the  number  that  could  be  obtained  in  the  same 
volume  of  fluid  if  agar  cultures  were  used.  Thus,  one  agar  culture  contained 
about  as  many  bacteria  as  from  80  to  100  aubic  centimeters  of  an  old  bouillon 
culture.  Obviously  whatever  immunizing  power  the  clear  fluid  above  tlie  Hedi- 
mKnt  possesses  is  due  to  the  free  receptors  which  have  been  separateJ  from  the 
dead  bacilli.  It  therefore  seems  evident  that  killed  agar  cultures  are  superior 
for  inoculation  to  the  killed  bouillon  ones. 

Lustig  and  Ualeotti  in  I8S7  ■"  recommended  the  use  of  an  extract  of  the  plague 
bacillus  obtained  by  chemical  rea^nta.  For  its  preparation  tliree  or  four  day 
'  agar  cultures  nf  the  organism  are  thoroughly  shaken  with  I  per  cent  caustic 
potash  solution. 

After  two  hours,  a  0.5  per  cent  acetic  acid  solution  is  slowly  added  until  the 
mixture  becomes  slightly  acid,  when  a  flocculent  precipitate  forms.  This  sedi- 
ment is  collected  on  filter  paper,  washed  to  a  neutral  reaction  and  finally  dried 
in  vacuo.  The  powder  when  it  is  to  be  uaeil  is  dissolved  in  I  per  cent  sodium 
carbonate  solution.  The  dose  for  man  is  from  2  to  3  milligrams.  The  Swiss 
seium  institute  in  Bern  recommends  this  prophylactic  particularly  because  of 
tbfi  fact  tliat  an  exact  dose  can  be  obtained  and  on  account  of  the  ease  with 
wliicli  it  can  be  transported. 

Another  protective  against  plague  has  heen  recommended  by  Terni  and  Bandi " 
in  1900.  For  the  preparation  of  this  prophylactic  guinea  pigs  or  rabbits  are 
inoculated  intraperitoneally  with  a  small  quantity  of  a  suspension  of  the  pest 
baeillua  in  bouillon.  The  animal  usually  dies  in  from  thirtj-six  to  forty-eight 
hours.  At  the  time  of  its  death,  or  a  little  before  (in  order  to  be  sure  that  no 
migration  into  the  peritoneal  cavity  of  the  intestinal  bacteria  liaa  taken  place) 
the  abdominal  cavity  is  opened,  the  peritoneal  exudate  collected  and,  if  it  is  very 
thick,  diluted  with  saline  aolution.  The  exudate  is  then  placed  in  the  incubator 
at  37°  C.  for  twelve  houra;  it  is  next  heated  at  from  50°  to  52°  C.  for  one  hour 
on  two  successive  days;  in  this  way  it  becomes  sterilized  and  the  serum  albumins 
present  are  not  coagulated.  A  mixture  of  carbolic  acid,  0.5  per  cent,  sodium 
carbonate  0.25  per  cent,  and  sodium  chloride  0.76  per  cent  is  then  added,  in 
order  to  aid  in  the  preservation  and  in  the  abnorbability  of  the  prophylactic  when 
used.     From  1.5  to  S.5  cubic  centimeters  are  recommended  for  human  injections. 

The  method  of  inoculation  against  plague  recommended  by  Shiga"  is  as 
follows;  The  growth  from  a  three-day  agar  culture  which  contained  about  3  oesen 
of  plague  organisms  was  placed  in  a  mortar  with  3  cubic  centimeters  of  salt 
aolution  and  thoroughly  rubbed  up.  The  suspension  was  then  heated  for  30 
minutes  at  60°  C.  and  later,  carbolic  acid  to  0..5  per  cent  was  mixed  with 
it.  After  twenty-four  hours  an  equal  volume  of  a  pest  immune  serum  wa^ 
added.  Shiga  recommended  two  injections;  for  the  first  one,  0.8  to  1  cubic 
centimeter  of  the  mixture  of  serum  and  organisms  and  for  the  second,  after  the 

'Ztaohr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.  (1901),  36,  396. 
'-DeutBohe  med.  WoJmaoh.   (1897),  23,  227,  289. 

"Deutsche  med.  Wchnsch.  (1900),  26,  463;  also  Rev.  d.  Hyg.  Paris  (1800), 
22,  62. 

"Ber.  aber  die  Pest  in  Kobe  und  Osaka,  Tokyo  (1900),  54. 
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reaction  had  subsided,  the  same  amount  of  the  suspension  of  the  killed  organisms 
alone  He  also  advised  a  third  inoculation  with  a  larger  dose  for  those  who 
are  frequenth  expised  to  plague  infection  The  addition  of  tht  plague  SKrum  is 
recommended  in  order  to  diminish  the  local  and  general  reaction  and  to  aid  in 
absorption 

Tha  prophylactic  recommended  by  Besr^dka "  in  1902  is  prepared  by  adding 
a  plague  immune  serum  to  a  suspension  of  the  killed  pest  bacillus  in  saline 
solution  By  thia  means  the  bacteria  become  agglutinated  and  sink  to  the 
bottom  of  the  vessel  Tlie  organisms  are  killed  by  heating  for  one  hour  at  CO"  C 
The  precipitate  of  bacteria  is  then  «iahLd  thoroughly  to  free  it  from  any  excesH 
of  aeruui  and  the  agglutinated  and  washed  bacteria  are  used  for  the  injection 
This  prophylactic  Bearedka  maintained  produced  an  immunity  in  animals  alter 
forty  eight  hours  nhich  Hated  for  file  months  Recentlj  '  he  has  recommended 
the  addition  of  a  normal  horse  a  serum  in  place  of  the  immune  serum  to  the 
suspensions  of  the  killed  and  drieii  bacteria  m  aalme  oolution  The  rrginisms 
after  separation  bj  eentnf ligation  are  then  taid  to  be  itoxique  and  are  used  for 
the  inoculations 

Gosio '"  recentlj  has  described  m  detail  a  piattieil  method  of  preparing  plague 
prop]  I J  lactic  m  large  ciuantities  Pest  bacilli  were  cuitivited  in  thin  Hiers  of 
bouillon  in  flasks  such  as  are  used  for  the  preparation  of  diphtheria  toxin  The 
bacteria  Here  then  precipitated  by  means  of  an  agglutinating  pest  serum  and 
separated  from  the  latter,  following  this  they  were  killed  by  heating  at  05°  C 
for  one  hour,  and  the  sterility  of  the  mixture  proied  by  the  addition  to  the 
inoculated  bouillon  tubes  of  a  famall  amount  of  potassium  tellunde 

Hueppe  and  Kikuchi "  in  October  ISI05,  announced  that  successful  results  had 
been  obtained  in  guinea  pigs  by  repeated  inoculations  of  exudates  containing 
plague  aggiessin  The  eiptriments  are  very  few  in  number  and  but  briefly 
related  but  the  luthois  mention  that  in  this  paper  it  is  their  intention  mereh 
to  call  attention  to  the  priority  of  the  use  if  this  mtthod  of  immunization  of 
animals  against  plague      4a  ^tt  thty  haie  not  reported  further  upon  the  subject 

In  November  lyCi  1  for  the  first  tiroe  ruported  to  the  Manila  Medical  bocietj 
upon  vaccination  in  man  with  attenutted  lining  cultures  of  the  pest  bacillus  and 
later  in  Tebruary  1906  published  in  this  Journal"  and  afterwards  with 
Piofeasor  Kolle "  further  experiments  relating  to  this  subject  The  details  of 
all  the  work  performed  in  vaccination  with  these  cultures  will  be  crnsideied  in 
the  present  paper 

Finally,  in  January  of  this  year  (1900)  Klein"  has  described  a  method  of 
plague  inoculation  which  he  has  employed  in  white  mice  rats  and  guinea  pigs 
The  buboes  spleen  lungs  and  liier  of  a  guinea  pig  which  has  succumbed  to  sub- 
acute pest  infection  were  removed  and  finely  minced  aseptieallv  spread  out  in 
thm  lajers  in  sterile  glass  dishes  and  diied  oier  sulphuric  acid  at  a  teinprraturi, 

"Ann.  d.  I'inst.  Pasteur  (1902),  16,  918. 
"Ann.  d.  i'inst.  Fanleur  (1905),  19,  479, 

"Ztachr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz.   (1005),  50,  519. 
"Cenirbl.  f.  Bakteriol.  Orig.  (1905),  39,  610. 
"TMsJotimal  (1906),  1,  181. 
"Deutsche  Mei.  Wchmch.  (1906),  32,  413. 

""Preliminary  Report  to  the  Local  (lovernmcnt  Board  on  a  New  Plague  Prophy- 
lactic," 1906,  London,  Darling  and  Son;  also  Brit.  Med.  Journ.   (190G),  !!>!>. 
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of  46°  to  47°  C  for  three  days  The  exposure  at  this  temperature  devitalized 
all  the  ppst  bacilli  in  the  organs  and  also  preienled  the  growth  and  inulti plication 
of  other  extranei  us  organisms  After  three  da\s  jf  desiccation  the  dried  acalea 
of  the  material  were  nihbed  down  to  a  fine  powder  in  a  sterile  mortar  The 
material  was  finallj  dried  for  from  two  to  three  daja  at  37°  C  in  a  wide 
mouthed  bottle 

When  the  propliylactie  wis  to  he  used  the  deiired  amount  was  weighed  out 
well  rubbed  down  m  sterile  warm  distilled  water  and  the  turbid  emulsion  thU3 
obtained  injected  subcutaneoualy 

This  material  is  said  to  contain  not  only  acutely  actue  to\in  but  also  the 
dead  bodies  of  all  the  BatiUi  peHts  originally  present  m  luTge  numbers  in  the 
neerotic  organs  (buboes  spleen  liver  and  lungs)  with  the  addition  probabli  of 
other  HUbatances  of  an  undetermined  nature  and  action 

Klein  xtatea  that  10  to  15  milligrams  of  the  dried  powder  confers  immunity 
on  the  adult  rat  whereas  5  cubic  centimeters  of  Haffkine  s  prophylactic  strongly 
turbid  with  flakes  and  maaaes  of  bacilli  does  not  do  bo  10  cubic  centimeters 
being  necessary  The  aliove  prophylactic  in  doses  of  I  to  5  milligrams  killed  a 
large  percentage  of  mice  withm  twent*  to  twenty  four  hours  and  from  )2  to  26 
per  cent  of  half  grown  white  rat^  in  doses  of  fiom  5  to  8  milligrams  if  the 
material  was  denied  from  aiute  casei  However  if  obtained  from  the  necrotic 
organs  of  guinea  piga  dead  of  sulacute  plague  (death  in  from  file  to  nine  days) 
as  much  as  10  to  12  milligrams  were  required  to  produce  a  fatal  effect  Even 
as  large  amrunts  is  2"  milligrams  failed  to  kiil  a  guinea  pig  of  200  to  300 
gram"  weight  An  adult  rat  weighing  120  to  200  grams  injected  with  10  to  15 
milligrams  of  the  prophj lictic  of  medium  tirulenee  or  with  two  doses  of  10 
milligramB  each  at  in  interval  of  nine  to  ten  diya  was  giien  complete  protection 
against  even  the  most  virulent  Bacillus  pestta  when  tested  from  one  to  thirteen 
weeks  after  immunii:ation  A  dose  of  20  milligrams  of  the  prophylactic  in 
question  in  the  case  of  guinea  pigs  (which  animals  Klein  regards  as  less  suscep 
tible  to  plague  than  white  rats)  twice  injected  at  intervals  of  ten  to  fourteen  days 
did  not  affird  protection  m  more  than  50  per  cent  of  the  animals  the  remainder 
(ijing  upon  the  subsequent  injection  of  urulent  plague  miterial  However  the 
death  of  the  animals  was  delated  several  days  and  m  the  great  majority  of 
instances  tl  ey  showed  suppurating  buboes  Klein  argues  that  10  cubic  centi 
meters  of  IlafTkine  8  prophylactic  will  protect  an  adult  rat  an  amount  which 
according  to  the  statistics  in  India  and  elsLwhere  represents  at  least  double 
that  lequired  for  the  protection  <f  an  alult  human  being  so  that  5  to  7  mllli 
grims  of  his  dried  prophylactic  would  suffice  as  the  dose  for  the  human  subject 

S  ^^alla^^ah'^  has  also  described  a  somewhat  similar  method  of  obtaining  an 
extrait  from  plague  organs  he  proposes  for  the  treatment  of  plague  cises 
arguing  that  the  lesions  are  probablv  the  centers  where  the  pest  antibodies  are 
manufactured  in  great  quantity 

Passive  immunization  with  serum  ^ersin  Calmette  and  Borrell"'  will  be  eon 
siilered  later  in  this  article  While  this  method  is  particularly  eflica^ious  for  a 
short  ptriod  of  time  after  the  inoculation  the  protection  afforded  by  it  persists 
onlj  for  a  few  days  Eight  days  after  the  injection  ita  protective  action  becomes 
weaker   and  after  twelve  it  is  alm.ist  entireh  lost 

"Cmitrbl.  f.  Bakteriol.  Orig.  (1906),  42,  471,  and  Lancet   (1007),  172,  222. 
"Ann.  d.  I'inst.  Pasteur  (1895)   9,  689. 
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a,    CONSIDEHATION  OF  THE  KXTKNT  EMPLOYED  IN  MAN  AND  THE  RESULTS 
OBTAINED. 

The  prophylactics  described  above  constitute  the  methods  of  immuniza- 
tion against  plague  which  have  been  recommended  from  the  beginning 
of  the  nineteenth  century  up  to  the  present  time."  In  regard  to  the 
extent  to  which  they  have  been  used  in  man  it  may  be  said  that  Besredka 
inoculated  himself  with  his  prophylactic  but,  so  far  as  1  am  aware,  it 
has  not  been  further  employed  in  human  beings.  T-he  methods  of  Gosio, 
Hueppo  and  Kikuchi  and  Klein  have  not,  to  judge  from  the  absence  of 
reports,  as  yet  been  used  in  man.  Eorty-seven  persons  were  inoculated 
by  Shiga's  method  in  1899  in  Kobe  and  Osaka.  The  Terni-Bandi  method 
was  employed  in  Rio  de  Janeiro,  Brazil,  in  the  epidemic  of  1889  to  1901. 
According  to  Havelburg  several  hundred  people  were  inoculated  in  that 
city  and  no  cases  of  plague  occurred  among  them,  with  one  exception, 
where  the  individual  sickened  on  the  day  of  inoculation  and  where  the 
attack  of  pest  was  mild  and  resulted  in  the  recovery  of  the  patient.  The 
inhabitnats  of  Eio  de  Janeiro  number  about  750,000,  and  only  589  cases 
of  plague  occurred  in  the  entire  city;  therefore  from  these  human 
statistics,  we  can  not  form  a  judgment  of  the  value  of  the  method.  Dessy 
in  the  plague  epidemic  in  1900,  in  San  Nicola,  La  Plata,  inoculated  300 
persons  with  Luetig's  prophylactic.  None  of  the  vaccinated  sickened  with 
pest.  The  same  remark  applies  to  these  statistics  as  to  the  ones  collected 
from  the  cases  in  which  the  Temi-Bandi  method  was  employed.  The 
prophylactic  recommended  by  the  German  Plague  Commission  has  also  not 
been  very  extensively  employed  in  human  beings,  although  Zupit^a  has  used 
the  method  to  some  extent  in  East  Africa.  Over  137,000  cases  in  Japan 
have  been  inoculated  with  small  quantities  (3  milligrams  to  each  ease) 
of  killed  agar  culture  of  the  pest  bacillus. 

The  protective  which  has  obviously  most  widely  been  used  in  man  is 
that  recommended  by  Haflkine,  and  this  I  believe  chiefly  to  be  due  to 
the  fact  that  Hail'kine  has  resided  in  India  and  has  had  abundant  oppor- 
tunity to  employ  hie  method.  It  is  not  my  purpose  here  to  enter  into 
a  discussion  of  the  available  statistics  of  tlie  results  of  the  human  inocula- 
tmns  performed  in  India  They  are  to  be  found  m  the  publications  of 
the  Indian  Plague  tommission  m  other  Indian  government  reports, 
and  m  Haffkme's  very  recent  article  on  the  subject "  Prom  their  Rtud> 
one  becomes  convinced  that  it  h  \ery  difficult  to  decide  just  what  the 
value  of  the  inoculations  perfonned  by  this  method  has  been     However, 

""In  tlie  eighteenth  centurv  'wrnie  detultor*  attempts  were  made  to  secure 
immunity  in  man  bj  exposing  the  indnidual  to  direct  infection  with  plague  pui 
Tliese  methods  »ere  soon  abandoned  owing  to  the  diaastrouv  results  following 
their  employment  I  hate  previouih  c  nsidered  them  eliewhere  Tkjs  four 
nal  (iy06)  1,  181 

'^Bull  del'insl   PosltuT  (1900)    4,  ^2-> 
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it  BeeiRB  unquestionable  that  large  and  repeated  doses  of  Haffkine's  prophy- 
lactic frequently  protect  individuals  against  plague  infection,  although 
it  is  well  known  that  many  of  the  inoculated  persons,  including  even  a 
number  of  those  who  received  more  than  one  injection  of  the  prophylactic, 
liave  contracted  the  disease.  Thus,  the  Indian  Plague  Commission  found 
that  some  indiviciuals  who  during  two  years  had  received  four  injections 
of  the  prophylactic,  fell  victims  to  pest ;  and,  on  the  other  hand,  aa  many 
as  8  per  cent  of  the  inoculated  in  one  district,  Bulsar,  contracted  the 
disease.  In  1903  it  was  the  intention  of  the  Indian  government  to 
inoculate  the  inhabitants  of  a  province  containing  about  six  millions 
of  people  with  this  prophylactic.  However,  tlie  work  was  discontinued 
owing  to  18  deaths  from  tetanus  which  occurred  among  the  inoculated 
shorty  after  the  project  was  undertaken. 

It  is  important  in  discussing  the  value  of  Haffkine's  inoculations  to 
consider  the  work  of  Kolle  and  Otto  "  on  the  immunization  of  guinea 
pigs  with  HafEkine's  prophylactic.  These  authors  conclusively  showed 
that  guinea  pigs  could  not,  except  in  rare  instances,  be  immunized  against 
pest  infection  by  the  uSe  of  this  prophylactic  and  their  experiments  led 
them  to  emphasize  the  fact  that  if  large  and  repeated  doses  of  the  killed 
pest  organism  failed  to  immunize  such  small  animals  as  guinea  pigs, 
it  seemed  unreasonable  to  expect  very  favorable  results  in  man  from 
such  a  method,  particularly  since  the  amount  of  the  bacteria  inoculated 
in  human  beings  is  so  much  smaller  in  proportion  to  the  body  weight. 

However,  the  subj'ect  with  which  I  was  at  first  most  concerned  was 
work  which  would  lead  to  a  decision  as  to  the  most  effective  method 
of  inoculation  against  pest  and  this  it  seemed  could  best  be  carried  out 
by  experimental  studies  on  animals. 

It  therefore  was  from  this  standpoint  that  I  decided  first  to  investigate 
the  subj'ect. 

^  Ztschr.  f.  }lyg.  «.  InfeoUonskrankk.,  Lcipz.   (iOOS),  45, 
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III.  CtJLTUE.ES  EMPLOYED  IN  THE  EXPKUIMENTAL  WOEK. 

The  cultures  of  Bacillus  pestis  employed  in  the  experimental  work 
considered  in  this  article  consist  of  one  virulent  and  three  avirulent 
strains  of  the  organism,  which  will  be  designated  in  the  descriptions  as 
"Pest  Virulent,"  "Pest  Avirulent,"  "Maassen  Alt,"  and  "Avirulent 
Manila." 

"Pest  Virulent." — The  strain  "Pest  Virulent"  was  obtained  from  a 
human  case  of  plague  which  succumbed  in  October,  1905.  It  was  isolated 
from  the  spleen,  at  autopsy,  by  plate  cultures  and  was  then  grown  upon 
an  agar  slant  for  one  generation.  From  this  culture  it  was  inoculated 
into  a  guinea  pig.  Upon  the  death  of  this  animal,  a  portion  of  its 
spleen  was  rubbed  over  a  freshly  shaved  area  on  the  abdomen  of  the 
second  guinea  pig  and  this  process  of  inoculation  from  the  spleen  of 
one  animal  to  the  abdomen  of  a  fresh  one  has  successively  been  repeated 
from  animal  to  animal  without  an  interruption  for  more  than  a  year 
and  for  over  two  hundred  passages  of  the  strain.  (See  Series  of  ino- 
culations, p.  296.)  Whenever  it  was  desirable  to  experiment  with 
this  straiuj  cultures  were  made  upon  agar  from  the  heart's  blood  of 
one  of  this  series  of  guinea  pigs  on  the  day  of  the  death  of  the  animal, 
and  twenty-four  hours  later  the  growth,  if  pure,  was  transferred  to  a 
second  agar  tube.  A  second  transfer  of  this  culture  {never  removed 
longer  than  three  or  four  days  and  usually  not  longer  than  seventy-two 
hours  from  the  animal  body)  was  used  in  my  experiments  in  testing 
the  immunity  of  the  animals  inoculated  by  the  different  methods,  except- 
ing in  a  few  inatances  in  which  a  first  transfer  was  employed ;  in  these 
cases  it  is  so  stated  in  the  description  of  the  experiments.  Hence,  the 
method  of  testing  was  uniform,  a  48-hour  slant  agar  culture  of  the  first 
or  second  transfer  invariably  being  employed.  In  the  preparation  of  all 
the  prophylactics  with  which  I  experimented,  in  the  manufacture  of 
which  it  was  desired  to  use  a  virulent  organism,  a  first  or  second  transfer 
of  this  culture  was  also  employed.  The  strain  "Pest  Virulent"  kills 
guinea  pigs,  usually  in  from  three  to  seven  days  after  cutaneous  ino- 
culation by  massaging  the  shaved  abdomen  of  the  animal  with  a  por- 
tion of  a  plague  spleen  from  another  one  (see  p.  39C),  and  hence 
it  represents  a  very  vinilent  strain  of  Bacillus  pestis.  It  may  be  seen 
from  the  experiments  which  will  later  be  recorded  in  detail  that, 
during  the  entire  time  of  its  passage  throng  guinea  pigs,  the  viru- 
lence of  this  strain  for  these  animals  and  for  rats  and  monkeys  re- 
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inaincd  unchanged.  It  is  perhaps  needless  to  add  that  its  morphology 
and  cultursJ  characteristics  are  typical  of  other  unquestionable  strains 
of  BaciUxis  pesiis  and  that  it  is  agglutinated  by  a  standard  pest  serum. 
A  small  standard  oese  was  employed  throughout  the  work,  of  such  a 
caliber  that  one  48-hour  second-generation  culture  of  this  strain  yielded 
about  10  oesen  of  growth. 

"Pest  Avindent." — Tliis  strain  was  obtained  through  the  kindness 
of  Prof.  W.  KoUe,  at  present  Director  of  the  Institut  fur  Infektions- 
krankheiten,  in  Bern.  It  represents  an  attenuated  strain  of  "Maassen 
Alt,"  presently  to  be  described.  It  forms  colonies  on  agar  typical  of 
other  strains  of  Bacillus  pestis  and  in  other  ordinary  media  its  growth 
resembles  this  organism.  Its  morphology  on  agar,  while  not  perfectly 
typical  of  Bacillus  pestis,  is  BUggestive  of  this  organism,  since  a  number 
of  bipolar  staining  bacilli  may  be  distinguished  in  the  cover  slips  made 
from  the  fresh  culture. 

A  19-hour  agar  slant  culture  of  this  organism  was  suspended  in 
bouillon  and  inoculated  beneath  the  skin  of  the  shaved  abdomen  of  a 
monkey.  Six  hours  later  an  incision  was  made  near  the  point  of  inocula- 
tion and  cover  slip  preparations  and  cultures  secured  from  the  drops  of 
blood  which  escaped  from  the  incision.  No  bacilli  were  found  in  the 
cover  slips,  but  the  cultures  developed  numerous  colonies  presenting  the 
typical  appearance  of  those  of  Bacillus  pesiis.  Microscopical  prepara- 
tions from  these  cobniw  revealed  plump  bacilli,  a  few  involution  forms, 
an  1  others  w ith  t'vpnal  hi poUr  staining.  Some  of  the  organisms  occurred 
-singly  others  in  pairs  or  rarely  in  chains  of  three  or  four.  Some  of 
them  appeared  encapsulated  In  other  instances  also  in  which  very  large 
amounts  of  this  strain  were  inoculated  intraperitoneally  into  guinea 
pigB  and  m  which  the  animal  succumbed  to  pest  intoxication,  organisms 
with  the  typical  morphology  of  B.  pestis  have  also  been  observed  in 
microscopical  preparation''  made  from  the  abdominal  cavity.  {See  Series 
33  )  The  strain  '  Pe^t  \virulent"  is  agglutinated  by  two  standard  pest 
sera  Its  virulence  s  so  reduced  that  from  1  to  3  whole  agar  slant 
cult  ires  do  not  cause  the  death  of  guinea  piga  when  injected  subcuta- 
neously  In  small  animals  under  175  grams  in  weight,  one  agar  slant 
injected  mirapentoneallif  has  occasionally  caused  death  from  plague 
tntoxiiatwn.  (See  Series  37,  animal,  number  2043,  p.  207.)  The  un- 
(juestionable  proof  that  the  organism  really  represents  an  attenuated  strain 
of  the  genuine  pest  bacillus  is  furnished  by  the  fact  that  monkeys  and 
guinea  pigs  vaccinated  with  this  culture  have  later  been  shown  to  possesR 
high  and  undoubted  pest  immunity,  by  subsequently  inoculating  them 
with  multiple  lethal  doses  of  the  strain  "Pest  Virulent"  already  described. 
{See  Series  4,  11,  12,  18,  etc.,  pp.  199  to  213.) 

Pest  "Maassen  Alt." — This  strain  was  also  obtained  by  me  from  Pro- 
fessor Kolle,  who  originally  received  it  from  Dr.  Maassen.     Both  it  and 
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the  previous  stra  n  ha^e  been  lescnbei  by  Kolle  and  Otto  '  and  exten 
•iively  employed  b}  them  m  tie  ]nmuni7aton  of  \ariMii  laboratory 
anjmals  The  (.ultural  peculiant  es  ii  1  n  orpholog>  of  pp«t  Miassen 
Alt  aret\pica3  of  Ba  Ilus  pittis  and  m  r  =ilo|  tal  preparationi  frim  it 
cultures  shiw  the  chiratteri'^tiL  lipolar  tailing  of  the  bitilli  Sich 
forms  are  jirticularly  noticeable  after  tie  bacillus  las  been  inculatel 
into  the  subcutaneou"  tissues  of  an  animal  and  =!e\eral  houri  later  il 
cUimed  in  tultures  Tins  organism  is  also  agglutinated  by  two  standarl 
pest  sera  it  likewise  re]  resents  a  much  attenuated  strain  of  BicilJm 
pe^tn  although  it=c  virulence  is  not  10  far  reduced  as  is  that  of  the  strain 
Pest  Avimlent  Guinea  pigs  f  from  200  to  300  grims  vireight  as  a 
rule  recover  from  subcutaneous  injections  of  such  large  amounts  as  from 
one  to  two  agar  slant  cultures  yet  they  sometimes  succumb  to  such  moc 
ulations  Fvileniea  ct  a  subacute  pest  infection  are  visible  m  the  eient 
of  their  death  In  >ther  experiments  when  as  much  as  a  wh^Ie  agar 
slant  culture  has  hi  en  in]ected  mtraj  entonealh  or  more  rareh  subcuta 
neouslv  the  an  mal  haa  died  withm  twenty  four  to  f  rtv  eigl  t  h  ur^ 
apparently  ot  a  toxicn  la  the  organism'?  not  having  multipled  to  an^ 
d  monstralle  extent  or  at  least  tiL-v  have  certa  nly  not  imalel  the 
circulation  or  the  sclid  organs  This  las  beei  demonstrated  b^  th 
sterility  of  cultures  mik  fron  tl  eise  locations  (See  Senes  38  animal 
number  3050,  p.  210,  and  Senes  40,  animal  number  3128,  etc.,  p.  220.) 
In  still  other  instances  in  which  the  guinea  pigs  have  lived  six  or  more  days 
after  inoculation  and  then  succumbed  and  in  which  the  injection  has  been 
made  subcutaneously,  pest  bacilli  may  be  demonstrated  in  cultures  from 
the  buboes  which  have  developed  but  they  may  not  be  encountered  in  the 
blood  of  the  heart  or  any  of  the  other  organs  of  the  body.  As  in  the 
ease  of  the  strain  "Pest  Avimlent,"  undoubted  proof  that  the  culture 
"Pest  Maassen"  represents  an  attenuated  type  of  Bacillus  pestis  has  been 
given  by  the  fact  that  numerous  guinea  pigs  and  monkeys  have  been 
vaccinated  with  it  and  have  later  shown  high  and  undoubted  immunity 
against  inoculations  with  the  strain  "Pest  Virulent."  (See  Series  l?, 
SI,  etc.,  pp.  212  to  331.) 

Pest  "Avimlent  Manila." — The  culture  "Avirulent  Slanila"  was  ob- 
tained from  an  autopsy  upon  a  typical  case  of  human  bubonic  plague 
occurring  in  Manila  in  the  autumn  of  1903.  Its  exact  virulence  at  the 
time  of  its  isolation  was  not  known.  It  was  preserved  in  the  laboratory 
as  a  stock  laboratory  plague  culture  by  Mr.  Hare,  formerly  of  this 
Institute,  and  was  transplanted  from  time  to  time  on  agar.  It  had  not 
been  passed  through  animals  since  its  isolation  up  to  the  time  these 
experiments  were  begun.     In  the  summer  of  the  year  1905,  from  1  to  3 

'^Ztschr.  f.  ilyij.  H.  InfccUonskranih.,  Leipz,    |1903),  45,  513. 
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oesea  of  this  culture  constituted  a  lethal  dose  for  guinea  pigs  of  360  to 
300  grams  weight,  when  inoculated  subcutaneously,  the  animals  usually 
dying  from  subacute  plague  infection.  The  virulence  of  this  organism 
has  still  further  been  reduced  by  growing  it  at  a  temperature  of  from 
41°  to  43°  C.  in  flasks  of  alcoholic  bouillon  for  three  weeks  at  a 
time  as  recommended  by  Hetsch.'"  {See  p.  310,  "Virulence  of  Pest 
BaciHus.")  By  this  means  a  considerable  reduction  in  virulence  has 
occurred,  since  at  the  present  time  guinea  pigs  of  250  to  300  grams 
weight  are  usually  able  to  withstand  the  subcutaneous  inoculation  of 
one  entire  34-hour  agar  slant  culture  of  this  organism.  However,  occa- 
sionally they  succumb  to  pest  infection  from  a  such  dose,  although 
the  course  of  the  disease  in  these  instances  is  always  prolonged.  This 
organism  also  shows  the  typical  morphology  of  Badllus  pestis  and 
agglutinates  with  a  standard  pest  serum ;  animals  vaccinated  witli  it  also 
acquire  peet  immunity.  As  this  strain  was  known  formerly  to  have 
possessed  a  greater  virulence  in  nature  and  had  been  artificially  attenuated, 
experiments  were  performed  with  it  in  monkeys  to  ascertain  whether 
it  would  be  possible  to  cause  it  to  regain  its  original  virulence.  However, 
from  this  standpoint  these  experiments  were  unsuccessful.     (See  p.  301.) 

"Ztechr.  f.  Hyg.  u.  InfectUnakTcmkh.,  Leipa.  (1004),  48,  442. 
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IV.  ANIMALS     EMPLOYED— THKIK.     SUSCEI'TIBILITY     TO 

PEST  INFECTION"— LFTII\L  DOSE— TECH 

NIQT  L  or  IXtFf  TION 

Eatp  and  monko^i  m  addition  tD  gu  ne^  jigs  ind  rabbit'^  mainly 
ha\f  been  empio>ed  m  tl  e  cxper  mental  work 

Rnt'i — The  i&t'^  used  m  the  majority  of  cases  wtie  the  ordinary  wild 
ones  founi  m  Manila  bibngmg  to  the  species  Mus  decunnnut  and  in 
a  few  instances  to  the  ape  les  M  lattu  They  contract  pest  infection 
nitiirally  and  haie  been  known  to  be  concened  m  the  spreal  of  phgue 
in  Manila  'iince  1902  During  that  year  the  pest  bacillus  was  foiin! 
m  the  organs  of  0  34  per  cent  and  m  tlie  following  year  in  0  0625  per 
cent  of  these  rodents  coll  tel  frou  lariou*  portions  of  the  city  of 
Manila  and  sent  by  the  Board  of  Health  to  the  laboratory  for  examination. 
The  majonti  of  the  rats  so  infected  had  been  found  dead  or  were  captured 
in  the  houses  where  cases  of  human  plague  had  occurred.  Since  the 
decline  of  plague  m  Manila,  only  an  occasional  rat  has  been  found  to 
be  infected  Wherry  reported  from  this  laboratory  one  such  instance 
in  IWi,  and  during  the  present  year  (1906)  the  pest  bacillus  has  been 
isolated  but  twice  from  rats  collected  in  Manila  and  sent  to  the  laboratory 
for  examination.  These  wild  rats  could  be  obtained  alive  in  great  abun- 
dance and  on  account  of  the  frequent  scarcity  and  the  difficulty  of  breeding 
white  rats  here  m  this  citv  the  wild  species  was  ueel  in  the  mijorit\  of 
the  plague  experiments  and  they  proved  lerj  satisfactorj  aninials  The 
rats  were  always  kej  t  for  tome  time  after  their  capture  1  efore  being 
employed  for  experimental  purposes  They  were  sati^sf acton ly  handled 
durmg  the  inoculations  bi  two  Filipino  airaistantR  who  prote<ted  them 
selves  from  being  bttteu  bv  wearing  evtra  heavy  leather  gloves  Eat 
tonga  or  pincers  were  not  employed  because  of  the  danger  of  triumatie 
injuries  to  the  animah  \s  was  expeitcd  the  species  M  iecumanub 
pro\cd  itself  to  be  readily  susceptible  to  plague  infection  In  the 
experimental  subcutaneous  inoculations  of  these  rati  a  second  transfer 
if  a  48  hour  culture  of  Pest  Vinilent  was  susjiended  in  5  cubic  cen 
timeters  of  bouillon  or  saline  solution  anl  a  syimge  needle  from  i  5 
cubic  centimeter  s^  riiige  lipped  m  this  suspension  an  1  then  thrust 
beneath  the  skin  near  the  base  of  the  tad  of  tlie  rat  Aftt,r  such  an 
inoculation  the  animal  almost  invariably  suecumbel  to  pest  infection 
usually  in  from  three  and  one  half  to  hve  days  although  life  sometimes 
was  piolonged  to  from  the  seyenth  to  the  fifteenth  day  after  inoculation 
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A  s  gle  an  al  wl  1  ev  denti  ]  o  se^aed  u  s  al  re«  btan  e  or  acqu  red 
mi  tv  1  ved  for  twenty  two  da  s  and  finaUv  d  ed  f  el  r  nic  pest 
CI  o  e  for  8  of  pest  su  1  as  ha  e  been  descr  bed  1  v  Kolle  an  I 
Mart  n  i  wh  ch  the  no  ulated  rats  1  ve  1  f  r  ontl  s  I  a  e  not  1  ee 
observed  n  anj  of  tl  e  an  n  als  njeeted  w  th  the  suapens  on  of  tl  e  stra  n 
Pest  \  rulent  the  d    es  n  ent  oned  abo  e     It  seems  not  unl  kely 

tl  at  letss  V  r  lent  stra  tir  of  tl  e  organ  sm  ha  e  uallj  g  en  r  e  to  the 
cl  ro    c     nfett  ons  rats      Wl  enever  the   death   of   the   rat   o      r  ed 

f  o  the  nfect  on  pest  1  ac  11  we  e  a!  ays  found  at  autopsy  n  tl  e  t  ss  es 
near  the  point  of  moeulation  and  almost  always  m  the  spleen.  However, 
jn  the  spleen  the  organieras  were  frequently  not  so  numerous  as  near  the 
point  of  inoculation,  and  in  the  heart's  blood,  while  they  usually  were 
jirehrnt  in  abundance,  sometimes  they  were  found  only  in  small  numbers 
and  occasionally  thty  e*en  were  absent. 

The  Japanese  variety  of  white  rate  which  was  used  was  probably  the 
albino  variety  of  Mus  rattus.  They  also  almost  invariably  succumbed  to 
pest  infection  in  a  manner  similar  to  the  wild  rats  and  they  seemed  to 
be  equally  or  somewhat  more  susceptible  to  the  same  amount  of  the  strain 
"Pest  Virulent"  than  the  species  of  wild  rat  (Afus  decumanua). 

Whether  the  Manila  wild  rat  through  its  progenitors  has  gradually 
acquired  a  slightly  greater  insusceptibility  to  pest,  a  disease  to  which  it 
has  been  exposed  from  time  to  time,  can  not  be  stated.  Albrecht  and  Gohn 
found  gray  rats  slightly  more  susceptible  than  white  ones,  although  the 
experiments  upon  which  they  based  their  conclusions  were  not  numerous. 
Monfceys.— The  study  of  pest  infection  in  monkeys  is  particularly  im- 
portant, since  these  animals  suffer  with  forms  of  the  infection  analogous  to 
those  seen  in  man  and,  moreover,  are  said  sometimes  to  contract  the  disease 
naturally  I  have  never  observed  a  case  of  spontaneous  infe<,tion  m  a 
monkey  in  Mamla,  but  I  have  never  systematically  sought  for  such  an 
mt  action 

In  the  report  of  tlie  Indian  Plague  Commission  there  iB  some  eiidence  of  the 
occurrence  of  pla^e  in  monkejs  Moat  of  it  is  not  entlrelj  eonclusne  but  in 
some  instancpa  tlie  diagnosis  wai  confirmed  bj  bacteriological  examination 
\lbrei.ht  and  Gohn  "  have  also  mentioned  ipontineous  infection  in  these  animals 
and  Simond  "  and  Clemow  *  have  reported  epidemics  among  them 

The  latter  author  on  three  oecaiions  obsened  that  monkeys  which  were  sup 
poaert  to  be  of  the  species  Macacnt  gynxcaa  sickened  apontaneoush  and  died 
Plague  hacilli  were  isolated  from  a  number  of  the  aiumaU  at  autpps* 

"Deuiscfte  med.  V/chnackr.   (1902),  28,  3. 

"Ubcr  die  Beulenpest  in  Bombay  ^  Denksckr.  d,  matk.-naturrc,  Etaeae  d.  Kais, 
Akad.,  Wien  (1898-1900),  66,  726. 

"Ann.  de  J'tnst.  Pasteur  (18B8),  12,  664. 
"Brit.  Med.  Jowm.  (1906),  U*!- 
65670 2 
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statements  in  the  literature  in  regard  to  the  lethal  dose  of  pest  bacilli 
for  monkeys  of  different  species  vary  somewhat  and  are  not  entirely 
definite, 

Albtedit  and  Gohn  "  (Report  of  the  Auattinn  Plague  Coininisaion )  in  tlieir  expe- 
riments with  monkeys  used  the  small,  long-tailed,  bro«Ti  Indian  species.  Inocula- 
tions of  living  cultures  in  anmuntB  of  from  0.5  to  4  oeaen  wero  ma<lo.  With  some 
strains  0.5  ovm  killed  animals  after  forty-eight  hours  and  with  others  2  oesen  failed 
to  kill.  It  is  not  possible  from  tlieir  experiments  to  arrive  at  a  general  deter- 
mination of  a  lethal  dose  for  these  animals,  since  strains  of  different  virulence 
and  in  different  amounts  and  with  different  methods  of  inoculation  were  employed 
and  Tio  series  ot  animals  by  any  one  method  of  experimentation  is  given. 

Wyssokowitz  and  Zabolotny*"  (Russian  Plague  Commission)  in  their  experi- 
ments Uised  three  Indian  species,  described  as  the  Maoacus  with  the  long  tail, 
the  Macaeus  with  the  short  tail  and  the  black  ape  with  a  long  tail.  The  two 
latter  were  found  to  be  more  susceptible  to  pest  infection,  dying  in  from  two 
and  one-half  to  three  days,  while  the  former  usually  succumbed  in  from  four  to 
five  days  after  inoculation.  These  monkeys  proved  to  be  very  sensitive  to  amnll 
amounts  of  plague  bacilli.  A  prick  on  the  palm  of  the  hand  or  sole  of  the 
foot  of  tlie  animal  with  a  needle  which  had  been  moistened  with  a  plague  culture, 
invariably  produced  deatli  in  from  three  to  ten  days. 

In  IftOZ  Zabolotny,"  in  further  experiments,  coniiimed  the  fact  that  in  the 
animals  of  both  the  species  Macaeus  radialug  and  Semnopithecus  entBllus  a 
small  amount  of  pest  bacilli  gave  rise  to  fatal  infection,  but  that  the  latter 
species  was  more  susceptible  and  succumbed  in  a  shorter  time. 

The  German  Plague  Commission  used  two  varieties  of  m<Mkeja  in  their 
experiments,  Maeacus  radiatus  and  Semnopithecus  entellus.  Tlie  later  specie" 
was  extraordinarily  sensitive  to  pest  infection,  succumbing  in  sLx  days  to  the 
subcutaneous  injection  of  O.OI  or  0.001  oese  of  the  virulent  plague  bacillus  and 
dying  of  larger  inoculations  after  two  days.  These  monkeys  also  sueeumbed  to 
pest  infection  it  small  amounts  of  pest  bouillon  cultures  were  lubbed  into 
superficial  wounds  of  the  skin.  The  species  Maeacus  radiatus  was  much  leas 
susceptible.  When  the  skin  was  scarified  and  a  fresh  agar  culture  rubbed  over 
the  wounded  area,  or  O.OI  of  an  oeae  of  an  agar  culture  injected  subcutaneously, 
the  animals  acquired  a  modurate  peat  infection,  with  fever,  glandular  awellinga. 
etc.,  but  usually  surviieci.  However,  I  oese  of  a  two-day  agar  culture  suspended 
in  1  cubic  centimeter  uf  bouillon  and  injected  subcutaneously,  always  caused 
the  death  of  this  species  in  three  or  four  days,  and  i  or  i  of  an  oeae  always 
brought  about  the  aame  result,  although  in  a  slightly  longer  time. 

In  the  report  of  the  Indian  Plague  Commission  mention  ia  merely  made  of 
the  fact  that  the  gray  Indian  monkey  is  more  auaceptihle  to  plague  than  the 
brown. 

Only  the  common  Philippine  species  {Cynomolgm  pkiltppinensis 
Geoff.)  was  employed  in  my  experiments  with  monkeys.  The  similarity 
of  pest  infection  in  these  monkeys  to  that  observed  in  human  beings  is  very 
marked,  and  in  the  experimental  work  with  them  all  forms  of  infection 
with  plague  have  been  encountered.  This  species  of  monkey  appears  to 
stand  between  Macaeus  radiatus  Geoff.    (Macacvs  sinicm  Linn)   and 


"Ann.  d.  I'inst.  Pastetir  (18S7],  11,  0(13. 
"Arck.  8iH.  Biologiquea   (]901|,  8,  390. 


Hosted  by 


Google 


STUDIES   IN   PLAGUE   IMMUNITY,  173 

'^bitinopithecu^  cniellus  Omitr  m  relation  to  BuscLptibihty  to  plague 
infection  However  since  all  three  f  these  'peciefe  apparently  belong 
to  difEi-rent  genera  it  is  perhapu  not  utrange  that  their  susceptiliibtv  to 
the  infection  shoulrt  var>  to  a  certain  extent 

Obviously  in  the  beginning  of  th  a  work  it  was  important  to  dett,rmint 
the  lethal  dost  with  a  pest  culture  it  known  virulence  for  the  species 
Cynomolgui  phihppinensi''  w  th  wh  ch  the  e\per  nients  were  to  be  per 
formed  and  this  Has  done  as  accurately  an  pos&ible  However  tht 
BUfaceptibility  of  the  mdiTidual  monke>a  of  this  same  speties  was  found 
to  \ary  considerably  TJ^ually  the  aniinal  lies  from  pest  infection  m 
from  three  to  sevwi  dayi  if  the  ffrowth  from  a  48  hour  agar  slant  culture 
of  th  strain  Pet  A  irulent  ib  «us[  ended  in  5  cuVie  centimetere  of 
houillon  and  a  5  or  10  cubic  entitneter  e>nnge  neelle  dippel  m  this 
suspeiibi  m  ^u  1  then  thrust  beneath  the  skin  near  the  root  of  the  tail 
Alsi  if  the  skin  is  shaded  o\er  a  small  area  and  hligl  tly  soirifitd  and 
then  a.  suspension  m  bouillon  if  the  same  culture  is  rubbed  over  this 
area  the  animal  usually  succumb''  On  the  other  hand  some  of  these 
monkeys  will  iwtm  e  the  inoculation  of  similar  and  of  even  much  laiger 
amounts  of  ths,  virulent  pest  organism  certain  of  them  remaining  alive 
aftfir  the  injection  of  even  J  ind  ^  oese  of  Pest  Virulent  However 
it  hat.  been  found  that  4  "o- '  of  P^^t  Virulent  suspended  m  0  36 
cubic  centimeter  of  louillon  alwus  constitutes  a  fatal  dose  for  mon 
ke\s  averaging  about  3  000  to  3  000  grams  m  weight  and  therefore 
although  usually  this  quantity  of  plague  culture  really  represents  man\ 
times  the  multiple  lethal  dose  for  the  n  ajority  ot  these  animals  it  has 
been  empl>>ed  m  tcRting  the  immunity  of  all  the  monkeys  uaed  in  my 
experiments  and  weighing  under  3  000  grams  excepting  m  the  first 
sines  of  experiments  where  the  lethal  dose  had  mi  been  determined 
accuratelv  and  where  it  is  then  noted  in  the  tables  For  monkeys  over 
this  weight  I  oese  of  Pest  Virulent  suspenied  m  0  33  cubic  centimeter 
of  bouillon  has  been  employed  In  ordei  flat  the  size  of  dose  used 
m  testing  all  the  animals  n  ight  be  as  uniform  as  possible  Dne  48  hour 
agar  slant  ulture  )f  the  strain  Pest  Virulent  was  suspended  m  5  cubic 
centimeterh  of  homilon  or  saline  solution  0  25  cubic  centimeter  of  the 
suspension  then  contains  J  oese  and  0  33  cubic  centimeter  f  oese  of  this 
organism 

The  variations  in  susceptibility  between  different  mlividuals  of  this 
species  of  monkey  are  ev  dentl^  )f  ccnsideralle  imjortance  in  the  study 
f  their  immunization  and  as  will  be  seen  from  the  experiments  which 
will  he  related  further  on  this  individual  var  ation  probaVh  accounts 
largely  for  the  different  results  m  immunization  which  have  been  obtained 
m  animils  of  the  same  weight  and  inoculated  with  the  same  dose  and  by 
the  same  method 

If  for  example  each  ammal  of  a  series  is  inoculate  1  with  a  fixed 
amount  of  plague  vaccine  and   later,  the  immunity  of  each  is  tested  by 
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the  inoculation  of  equal  amounts  of  the  viruknt  pc=!t  batilk*  if  the 
susceptibility  of  the  different  animils  var  es  thi.n  dfffrcnt  refults  m 
mortality  muiit  otcur  both  for  tliL  reason  that  liffer  nt  dtgroGS  of  im 
munit^  will  arise  m  the  lifferenf  anin  als  from  the  primarj  inoculation 
of  tht  "same  dose  of  the  ^atdne  and  f^r  tl  e  reaf  n  tint  n  test  ng  the 
immumtj  the  lixed  amount  of  tht  ^  rulont  orginiiim  tmpb\cd  will 
represent  m  the  more  austeptil  ie  animala  a  greater  multiple  of  the  lethal 
dose  than  it  dots  m  the  less  s  i^eeptibk  ohls  This  var  at  on  m  suicpp 
tibihtj  to  the  actim  of  the  plague  hiciUuf  has  been  found  t>  be  much 
more  marked  in  the  monkeys  I  hi^t  u  cd  than  it  is  with  other  laboratori 
animalb  and  it  seems  not  unl  kilj  that  tht  conditions  relating  to  su>> 
ceptibility  m  these  animals  a}pr  ath  nearer  to  those  nhich  exist  in  man 
than  thoy  do  to  those  which  are  present  m  such  animals  as  guinea  pigs,  rats, 
mice,  etc.  During  the  past  year  we  have  had  numerous  opportunities  to 
observe  the  differences  in  immunity  obtained  in  different  human  beings  by 
the  inoculation  of  the  same  sized  dose  of  our  cholera  prophylactic,  by  study- 
ing the  blood  serum  from  individuals  vaccinated  against  Asiatic  cholera. 
These  variations  in  some  instances  have  been  very  decided  and  have  been 
much  greater  than  those  which  have  been  observed  in  series  of  guinea 
pigs  or  of  rabbits,  all  inoculated  nith  an  equal  dose.  Hence,  the  limit 
of  \alue  of  a  method  for  the  immunization  of  man  against  plague  can 
probably  better  he  studied  m  monkeys  than  in  any  of  the  other  lower 
animals.  It  is  particularly  for  this  reason  and  because  of  the  fact  that 
monkeys  suffer  with  forms  of  plague  analogous  to  those  observed  in 
human  beings,  that  they  have  been  extensively  used  in  my  experiments 
in  testing  the  iinal  value  of  methods  of  pest  inoculation  which  have 
proved  effective  in  the  ordinary  laboratory  animals.  Moreover,  another 
reason  for  the  extensive  use  of  monkeys  has  been  that  it  might  be  argued 
that  the  value  of  a  method  of  immunization  against  plague  in  man  should 
not  be  judged  by  its  action  in  experiments  upon  such  animals  as  guinea 
pigs  and  mice  alone,  an  argument  which  has  already  been  advanced. 

Guinea  pigs  and  raJibiis. — Two  methods  of  infection  were  employed  in 
guinea  pigs,  for  the  purpose  of  testing  their  immunity  following  the 
prophylactic  injections  in  the  various  experiments.  The  first  consisted  of 
the  suspension  of  a  48-hour  agar  culture  of  the  strain  "Pest  Virulent" 
in  5  cubic  centimeters  of  bouillon.  Five  large  oesen  of  this  suspension 
were  then  rubbed  over  a  shaved  area  of  the  abdomen  of  the  animal  and 
the  skin  scarified  with  a  scalpel.  The  other  method  of  infection  less 
commonly  employctl  consisted  of  massaging  over  a  shaved  area  of  the 
abdomen  of  the  guinea  pig  a  portion  of  the  spleen  of  a  second  one  just 
dead  from  acute  pest  infection  with  the  strain  "Pest  Virulent."  By 
either  of  these  methods  the  guinea  pig,  unless  previously  immunized, 
invariably  suceumbeil  to  acute  infection.     Rabbits  were  only  employed  in 
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certain  of  the  agglutinative  experiments  and  in  the  preparation  of  aggreas- 
in  exudates,  under  which  subjects  the  technique  of  the  inoculations  is 
described. 

In  trating  the  immunity  of  all  the  animals  care  was  taken  to  introduce 
the  infection  upon  the  opposite  side  of  the  body  to  that  upon  which 
the  vaccination  or  prophylactic  injection  had  first  heen  made.  This 
precaution  was  taken  in  order  to  avoid  any  chance  of  obtaining  results 
which  might  have  been  influenced  by  the  presence  of  a  local  immunity 
which  had  developed  in  the  animal,  particnlarly  in  the  tissues  about  the 
point  where  the  first  inoculation  had  been  made.  Wassermann  and 
Citron"*  have  recently  called  special  attention  to  the  local  development 
of  immune  bodies. 

"Ztsfihr.  f.  Hyg,  «.  Infeotionskrankh.,  Leipz.   |1005),  63,  331. 
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V.  IMMUNIZATION  OF  ANT^FALS. 

1.    WITH  KILLED  TEST  BACILLL 

"ieism,  Cilmtttc  im]  Bonel  ^  Jii  ls<)5  first  called  attmtnn  ti  tin 
fact  that  nbLitb  tnomlated  eubtutaneou'.h  on  three  or  four  octasioiis 
with  gelatine  (iiltures  of  the  peat  baiilluB  killed  by  heating  tor  one  hour 
at  58°  C ,  were  rendered  immune  to  subsequent  subcutaneous  inoculations 
of  virulent  plague  bacilli  Uuinea  pigs  were  much  more  difficult  to 
immunize,  and  they  rarely  "succeeded  in  thoroughly  protecting  one  of 
these  animals  b>  6Uth  a  method 

Wyssolvowily  and  Zabolotnj  "  mention  tliat  monkeys  can  be  immunized  against 
pest  by  the  inoculation  of  killed  c  lUiivea  of  tlie  organism  altliougli  tliey  gne  no 
details  allowing  tie  [ercentage  of  animals  tliat  «ere  protected  by  tlie  use  of 
this  method 

The  German  Plague  Commission  "  found  that  all  the  luonLevs  of  tlie  species 
Ma^aeua  tadiai-ua  which  reoeiied  lubcutaneouslv  one  carefully  killed  two  day 
culture  of  the  \irulent  pest  organism  were  able  later  to  resist  almost  mitliout 
reaction  the  subcutaneous  injection  of  one  full  oese  of  the  living  culture  Hon 
ever  with  this  same  amount  they  were  not  able  to  immunize  grii}  monkeys  uf 
the  species  Semtiopilkeims  entellus  against  plague  infection  an  1  the  (.ommissiun 
did  not  have  time  to  pursue  the  question  further  with  this  species  of  animal 
However  thej  demonstrated  in  a  series  of  rat  inoculations  that  a  large  per 
eentage  of  the  animals  could  be  inununizeil  uitli  killed  cultures  of  the  pest 
organism  against  subsequent  subcutaneous  infection  if  the  dose  was  suflieientlj 
large  (2  killed  agar  cultures)  One  agar  culture  did  not  euftice  to  im  nunizt 
the  animal  The  lats  often  succumbed  from  tie  effect  of  the  lirgc  dosi  f  tht 
primary  inoculation 

Albrecbt  and  fiohn  "  atote  that  the*  were  able  to  in  munize  guinea  pi^s  bv 
repeated  dosei  of  killed  agar  cultures  of  the  pest  bacillus  although  the  immiinit* 
obtained  was  not  great  In  their  experiments  with  these  animals  described  in 
tlieir  report   the  guinea  pigs  all  finally  died  of  pest  infection 

Tavel  Knimbem  and  Glucksmann "  uere  able  to  obtain  immunity  m  some 
instances  in  the  course  of  a  small  number  >f  experiments  with  rifs  by  the 
inoculation  of  large  amounts  of  the  killed  cultures  but  they  nere  unable  in 
many  e'lpenments  to  immunize  a  single  guinea  p)g  e\en  by  using  repeated 
inoculations  of  the  killed  cultures 

Beinarowiteh"  concluded  that  the  mjectiin  of  killed  cultures  of  the  pcsi 
bacillus  conferred  an  immunity  upon  rodents  but  tl  at  this  ui^  t  i\  slight  unlc'^ 
tha  inoculation  was  repeated  several  times 

^'Ann.  d.  I'inst.  Pasteur  (1895),  9,  583. 
"Ibid  (1897),  11,  6G7. 

'"  Ztschr.  f.  Hyg.  «.  InfecUonshravkk.,  Leipz,   |1!)02),  40,  239. 
"Arch.  d.  Sci.  Biologiqiies  (1003),  9,  343. 
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The  most  inipi.rtaiit  &nd  mtst  conimciiig  experiment''  m  r^ard  to  the  value 
of  immunization  with  killed  cultures  of  the  plague  bacillus  m  rats  and  guinea 
pigB  haie  been  made  by  KoUe  and  Otto  °  In  their  eitpeninents  the  loss  rfunng 
the  process  of  immuniEodoro  of  the  rata  with  Haffkme  a  prophylactic  was  38  5 
per  cent  and  with  the  killed  agar  eulturia  33  3  ptr  cent 

Later  on  testing  the  immunity  of  the  am  ma  is  remaining  alive  it  wa« 
found  that  only  219  per  cent  of  those  which  had  been  inoculated  with  the 
killed  agar  cultures  and  but  22  2  per  cent  of  those  inoculated  with  Haffkinc  s 
prophjiactie  gave  evidence  of  an  acquired  Immunlt^  by  surviving  the  test 
\tteinpts  were  made  to  immunize  26  g^imea  pigs  with  killed  agar  cultures 
amounts  ^a  large  a%  from  i  to  1  entire  agar  cultuie  being  injected  subcutaneoush 
During  the  process  of  imniunization  four  of  the  animals  died  Of  the  remaining 
twentj  two  only  two  ("  '  per  cent  of  the  whole)  appeared  to  be  immune  on 
subsequent  testing  Hardlj  more  fa^orablu  results  were  obtained  in  the  expen 
nients  in  which  killed  bouillon  cultures  were  employed  Twenty  animals  were 
inoculited  with  HalTkmes  piophylaetie  l«o  of  these  liel  from  the  effects  of 
the  immunization  and  of  the  remaining  eighteen  onh  two  (10  per  cent)  re 
mained  alive  after  remoculation  with  the  virulent  organism  Other  experiments 
on  guinea  pigs  were  alio  performed  in  whieh  repeated  inoeulationi  were  made 
with  killed  culturen  of  the  plague  organism  The  animals  were  first  injected 
with  1  then  with  li  and  finallj  with  2  killed  agar  cultures  or  with  1  IJ  and  3 
cubic  centimeters  of  HalTkinc  s  prophylactic  In  the  process  of  immunizing 
twenty  guinea  pigs  bj  these  methods  six  of  the  animals  died  from  the  effects 
of  such  lirge  doses  of  the  killed  bacteria  The  immuniti  of  tl  e  remaining 
fourteen  wa^  tested  six  weeka  after  the  last  injection  with  the  hung  virulent 
plague  bacillus  when  on1\  one  animal  remained  alive  and  proved  to  be  immune 

In  my  own  evperiments  the  value  of  inoculation  with  killed  cultures 
of  the  p€-*t  bacillus  wat  U  stcd  on  nionKe'vs  and  gu]nea  pigs 


i  With  moniry  — It  setmeil  desirable  to  cjipenment  further  with 
killed  cultures  of  the  pest  bacillus  tor  two  rea'.onR  tiM,  to  compare 
the  immunizing  value  of  the  dead  organism  with  that  of  other  methods 
of  inoculation,  "such  ■is  those  of  vaccination  natural  and  artificial  'iggressin 
injections  etc.,  and  second  to  see  whether  eufBciently  good  results  could 
be  obtained  by  experiments  on  Manila  monkeys  to  warrant  advocating 
the  use  of  this  method  in  man. 

In  Series  5,  page  189  are  given  the  results  of  the  experiments  on 
eight  monkeys  inoculated  with  killed  bouillon  cultures  (Haffkine's 
method)  in  varying  amounts.  On  testing  the  immunity  of  these  animals 
by  thrusting  a  syringe  needle  infected  with  virulent  pest  bacilli  beneath 
the  skin,  eleven  days  after  the  primary  inoculation,  only  three  were  found 
to  possess  sufficient  immunity  to  survive  the  infection.  Of  those  which 
died,  one  had  previously  received  30  cubic  centimeters  and  another  30 
cubic  centimeters  of  the  prophylaetie.  From  what  has  been  said  under 
the  discussion  of  the  susceptibility  of  this  species  of  monkey  to  pest 
infection,  it  will  be  seen  that  the  method  of  testing  the  immunity  of  the 

"Ztsckr.  f.  Hyg.  u,  Infectionskrankh.,  Leips.  (1903),  45,  512;   (1904),  48,  399. 
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animals  emplojed  in  tins  aeriea  was  nit  ''evere,  since  in  some  instances, 
monkeys  which  had  not  been  protected  at  all  survived  such  a  method  of 
infection  (for  an  example  of  this  fact  set  Series  IG,  p.  188,  animals  num- 
bered 1357  and  13')8)  However  it  I'i  true  that  the  two  control  animals 
inoculated  in  Series  5  died  of  pest  infection.  In  Series  43  (p.  197),  nine 
other  monkeys  were  inoculated  by  the  same  method,  from  10  to  15  cubic 
centimeters  being  injected  in  each  instance.  One  month  aft«r  the 
inoculation,  the  immunity  of  the  animals  was  tested  and  only  two  were 
found  to  resist  the  infection  (numbers  2699  and  2703). 

Because  of  the  superiority  of  the  killed  agar  cultures  over  the  killed 
bouillon  ones,  the  reasons  for  which  have  already  been  pointed  out,  only 
the  former  were  employed  in  the  remainder  of  the  experiments  of  this 
nature. 

Three  monkeys  in  Series  9  (p.  190)  were  inoculated, -each  with  two 
48-hour  killed  agar  cultures  of  the  strain  "Pest  Virulent."  Ten  days 
later,  upon  the  injection  of  3  oesen  of  the  living  virulent  organism,  all 
the  animals  succumbed  to  the  resulting  infection.  The  amount  used  in 
testing  the  immunity  of  these  animals  obviously  was  excessively  large, 
as  was  shown  by  later  experiments;  therefore,  the  series  does  not  repre- 
sent a  fair  teat  of  the  value  of  this  method  of  immunization. 

The  experiments  recorded  in  Series  23  (p.  191)  comprise  18  monkeys 
besides  the  control  animals.  The  pest  organisms  in  the  suspension  were 
not  all  killed  by  heating  before  inoculation,  and  hence  no  accurate  con- 
elusions  can  be  drawn  from  these  experiments  in  regard  to  the  immunity 
produced  by  the  killed  organism  alone.  The  size  of  the  dose  used  in 
testing  the  immunity  of  the  animals  was  also  not  suffleiently  large.  (See 
remark  under  Series  33.) 

In  Series  35  (p.  192),  twenty  monkeys  were  inoculated  with  from  one 
to  two  48-hour  agar  cultures  of  the  virulent,  killed  organism.  Three  of 
the  animals  succumbed  from  the  effects  of  this  inoculation.  The  immunity 
of  the  remaining  seventeen  was  tested  eighteen  days  after  the  primary 
inoculation,  when  but  four  (33  per  cent)  resisted  the  infection  and 
remained  alive. 

In  Series  48  (p.  195),  fifteen  monkeys  were  inoculated  with  one 
48-hour  agar  slant  of  the  killed  virulent  strain.  One  of  these  animals 
succumbed,  its  death  being  apparently  caused  by  this  inoculation.  The 
immunity  of  the  remaining  fourteen  was  tested  one  month  after  the  first 
injection  when  but  four,  or  38  per  cent,  remained  alive. 

B.  With  guinea  pigs.— In  Series  50  (p.  197),  fifteen  guinea  pigs  were 
inoculated,  each  with  one  48  hour  agir  culture  of  the  killed  virulent 
organism.  Upon  testing  the  immunity  of  these  animals  one  month  later, 
but  four,  or  26  per  cont  rey>te<l  the  infection  and  remained  alive. 

No  further  attempts  to  inimuni/e  larger  series  of  guinea  pigs  were 
made  with  killed  cultures  since  reasoning  from  the  experiments  of  other 
observers  as  well  as  from  mj  own,  it  appears  that  it  is  possible  to  immunize 
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only  a  small  percentage  of  these  animals  by  such  a  process.  The  guinea 
pigs  comprising  Series  50  were  .inoculated  with  the  killed  agar  cul- 
tures, chiefly  for  the  purpose  of  comparing  this  method  with  the  other 
methods  of  inoculation  which  were  being  tested  at  the  same  time. 

In  all,  fifteen  guinea  pigs  and  seventj-tliree  monkeys  were  inoculated 
with  killed  eultures  of  the  pest  bacillus;  26  per  cent  of  the  guinea  pigs 
and  33  per  cent  of  the  monkeys  subsequently  proved  to  be  immune. 
However,  if  Series  23  is  excluded  as  it  should  be,  since  probably  both 
killed  and  living  organisms  were  used  in  the  immuniKation  of  the  animals, 
the  percentage  of  immunity  in  the  reipaining  monkeys  is  but  25  per 
cent. 


in  abimal8  with  living  attenuated  cultures 
(vaccinatiok). 

I  have  recently*'  reviewed  the  literature  regarding ■  the  early  experi- 
ments mide  to  attenuate  viiulent  strains  of  the  pest  bacillus  and  of  the 
moculations  performed  in  animals  with  othei  avirulent  strains  of  this 
organism  and  it  is  not  my  intention  here  to  enter  into  any  lengthv  dis- 
cussion of  this  subject  but  merely  to  mention  these  expenmentB 

The  (jermSiii  Plague  Commission  made  some  attempts  at  attenuating  strains 
of  tlie  pest  bacillus  for  use  m  immunization  bj  exposing  the  living  culturei 
both  to  a  temperature  of  51°  C  for  larjlng  periods  of  time  and  alio  to  thp 
action  of  carbolic  aeid  These  ei.periments  resulted  unBUOceBafallj  tlie  organininB 
retaining  their  full  virulence  Albreeht  and  Gohn"  and  lersm  and  CarrS" 
also  performed  experiments  nn  guinea  piga  rata  and  monkeys  with  somewhat  at 
tenuxted  pest  culturps  No  ettensive  or  eoniincing  experiments  in  regard  to  the 
lalue  of  the  hung  attenuated  cultures  in  the  immunization  of  animals  against 
plague  had  apparently  been  undertaken  until  Kolle  and  Otto  investigated  this 
subject  Ihese  author*  in  numerous  and  careful  experiment*"  on  rats  and  guinea 
pigs  showed  that  cultures  of  the  pest  bacillus  so  attenuated  tl  at  thej  were  no 
longer  dangerous  to  these  animals  even  in  large  amounts  (2  agar  cultures)  uere 
capable  upon  injeition  of  giving  rise  in  them  to  a  much  higher  immunity  than 
was  produced  by  the  killed  cultures  of  the  organism  Thus  in  one  series  of 
hftj  nine  guinea  pigs  which  were  immuniTed  bj  a  single  inoculation  of  an 
attenuated  living  culture  tlurteen  died  and  two  were  killed  for  control  purposes 
On  testing  the  immunitj  ot  Hie  rtmaining  forty  four  from  three  to  eight  months 
after  tlieir  vaccination   twentv  eight   or  63  0  per  cent   remained  alive 

In  another  series  of  thirty  four  guinea  pigs  immunized  with  an  attenuated 
pest  culture  (Maassen  \  )  of  which  one  died  during  the  process  of  immunization 
twenty  one  were  reinoeulated  with  the  virulent  organism  from  one  to  four  month' 
after  their  vaccination  and  of  this  number  sixteen  (76  per  cent)  remained 
alive  and  H^e  died  Nine,  other  guinea  pigs  were  inoculated  with  this  agar 
(ulture  and  at  the  same  time  with  plague  immune  lerum  411  proved  to  be 
immune  upon  reinoculation  with  the  iirulent  pest  lacillus 

^^  This  Journal  (1900),  1,  182. 

'^  Congress  International  de  Med.  Section  de  MM.  et  Chirug.  Militaires,  Sous 
section  Coloniale  Paris  (li)04),  54. 
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As  with  the  killed  pest  organism,  monkeys  and  guinea  pigs  were 
employed  in  my  experiments  on  animals  with  attenuated  cultures  of  the 
pest  bacillus. 

Experiments  on  the  immunization  of  monkeys  with  the  strain  "Pest 
Avirulent." — Six  monkeys  in  Series  4  (p.  199)  were  inoculated  subcuta- 
neouslj,  each  with  one  34-hour  agar  culture  of  the  strain  "Pest  Avirulent." 
The  immunity  of  the  animals  was  tested  ten  days  Iat«r,  four  being  inocu- 
lated by  thrusting  beneath  the  skin  a  needle  infected  with  virulent  pest 
bacilli  and  two  (numbers  1232  and  1333)  by  lightly  scarifying  the  ab- 
domen with  a  scalpel  infected  with  this  same  organism.  Since  two  control 
animals  (numbers  1386  and  1287)  also  inoculated  at  this  time  in  the 
latter  way  did  not  die,  the  monkeys  numbers  1333  and  1333  can  not 
necessarily  be  considered  immune.  Three  of  the  four  vaccinated  animals 
wounded  with  the  infected  needle  survived,  while  but  one  of  four  controls 
inoculated  in  the  same  manner  recovered.  The  conditions  encountered 
in  this  series  are  somewhat  analogous  to  those  met  with  in  Series  5 
(p.  189),  where  the  killed  organisms  were  employed. 

Five  monkeys  in  Series  11  (p.  300)  were  vaccinated,  each  with  one  24- 
hour  agar  culture  of  "Peet  Avirulent"  and  eleven  days  later  their  immu- 
nity was  tested  by  the  inoculation  of  3  oesen  of  "Pest  Virulent."  Four  of 
the  animals  died  and  one  survi*'ed.  The  course  of  the  disease  in  three 
of  those  which  died  was  prolonged  to  twice  the  length  of  that  in  the 
control  animals.  In  two  (numbers  1377  and  1380)  the  Hood  serum 
had  evidently  acquired  considerable  an ti -infectious  power  against  the 
pest  bacillus;  this  was  presumed  to  be  the  case  from  the  distribution  of 
the  bacteria  at  autopsy  ,and  from  the  fact  that  in  one  instance  the  heart's 
blood  was  sterile  and  in  the  other  but  six  colonies  of  this  organism 
develope<l  in  cultures  from  the  heart's  blood.  Hence,  these  animals 
probably  died  rather  from  pest  toxaemia  than  of  septicremia.  Their  blood 
may  have  acquired  considerable  anti-infectious  power  with  but  little  anti- 
toxic action.  Obviously,  the  dose  (3  oesen)  employed  in  testing  the 
immunity  was  exceedingly  large.  This  seri^js  of  experiments  may  be 
compared  with  Series  9  (p.  190),  in  which  the  animals  immunized  with 
dead  bacilli  all  succumbed  upon  reinocnlation  with  3  oesen  of  the  virulent 
strain. 

In  Series  12  (p.  301),  nine  monkeys  were  inoculated  subcutaneously 
with  from  one  to  two  24-hour ^ar  cultures  of  the  strain  "Pest  Avirulent." 
One  of  the  animals  (number  1399)  died  twelve  hours  after  the  vaccination, 
of  a  streptococcus  and  staphylococcus  infection  which  had  existed  prior 
to  the  vaccination.  The  immunity  of  the  remaining  eight  was  tested  ten 
days  after  the  vaccination,  either  by  the  inoculation  of  f  or  of  1  oese  of 
the  strain  'Test  Virulent."  Four  of  the  animals  remained  alive  and 
well,  and  four  died.  In  tliose  which  died,  the  course  of  the  infection 
was  greatly  prolonged  beyond  that  in  the  control  monkeys  and  the  pest 
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bacilli  had  not  as  a  rule  invaded  the  circulation  and  other  organs  to 
the  same  extent  as  they  had  in  the  control  animals. 

Ten  monkeys  in  Series  18  (p.  802)  were  vaccinated,  each  with  two 
agar  cultures  of  the  strain  "Pest  Avirulent."  Seventeen  days  later,  upon 
testing  the  immunity  of  the  animals,  five  died  from  the  infection  and  five 
survived.  Animal  number  1379  evidently  died  of  plague  toxtemia  and 
not  of  septicEemia. 

Tn  Series  51  (p.  203),  fifteen  monkeys  were  vaccinated  subcutaneously 
with  one  or  two  48-hour  cultures  of  the  strain  "Pest  Avirulent."  The 
immunity  of  the  animals  was  tested  one  month  after  the  vaccination  by 
the  subcutaneous  inoculation  of  two-thirds  of  an  oese  of  the  strain  "Pest 
Virulent."     Eight  of  the  animals  remained  alive  and  seven  died. 

In  all,  forty-four  monkeys  were  vaccinated  with  the  strain  "Peet  Aviru- 
lent" and  reinoculated  with  the  strain  "Pest  Virulent;"  53  per  cent  of 
these  animals  proved  to  be  immune. 

Experiments  with  the  strain  "Pest  Avirulent"  in  guinea  pigs. — Seventy- 
one  guinea  pigs  in  Series  33,  37,  39,  41,  and  46  p.  204  were  inoculated, 
either  intraperitoneally  or  subcutaneously,  with  from  1  to  2  agar  cultures 
of  the  strain  "Pest  Avirulent."  Such  large  doses  as  two  48-hour  agar 
cultures,  when  injected  intraperitoneally  into  the  smaller  guinea  pigs 
(150  to  175  grams  in  weight),  frequently  gave  rise  to  the  death  of 
the  animals  from  toxaemia  with,  however,  no  evidence  that  a  general 
invasion  by  the  organisms  had  taken  place.  In  only  one  instance  (guinea 
pig  number  1985,  p.  305)  two  colonies  of  "Pest  Avirulent"  developed  in 
cultures  made  from  the  heart  at  autopsy.  Even  one  agar  culture  injected 
intraperitoneally  caused  the  death  of  one  small  animal  from  pest  intox- 
ication, the  animal  dying  in  less  than  twenty-four  hours  after  the 
vaccination.  However,  when  the  cultures  were  injected  subcutaneously, 
even  in  small  guinea  pigs,  death  never  occurred  from  the  effect  of  the 
vaccination ;  this  was  demonstrated  by  the  inoculation  of  fifty-one  animals. 
(See  Series  39,  41,  and  46,  pp.  208  to  213.)  Pive  of  the  entire  number 
of  seventy-one  guinea  pigs  vaccinated  with  this  strain  died  from  the  intra- 
peritoneal vaccination  with  2  agar  cultures,  one  from  the  intraperitoneal 
vaccination  with  1  agar  culture  and  one  from  an  unknown  cause.  The 
remaining  sixty-four  were  tested  one  and  two  months  after  the  vaccination, 
whereupon  forty-six  (72  per  cent)  proved  to  he  immune  and  twenty-five 
(38  per  cent)  died.  The  test  of  the  immunity  of  the  animals  was 
severe  and  the  skin  was  well  scarified  in  each  instance,  two  parallel 
incisions  being  made  through  the  dermis  with  a  scalpel  and  the  suspension 
of  the  virulent  organism  rubbed  into  the  incisions  Bveiy  one  of 
115  control  animals,  which  were  inoculated  m  exactly  the  same  manner 
and  at  the  same  time  as  the  vaccinated  animals,  died  of  pest  infection. 
Guinea  pig  number  2087  was  pregnant  at  the  time  of  its  vaccination 
and  gave  birth  to  two  healthy  young,  seven  days  after  its  reinoculation 
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Experimenis  in  ike  vmrnunizaiion  of  monkeys  with  the  strain  "Maassen 
Alt." — Four  monkeys  in  Series  17  (p.  S12)  were  vaccinated,  three  with 
2  agar  cTilturee  and  one  with  1  culture  of  the  strain  "Maassen  Alt." 
Twenty  days  afterwards  their  immunity  was  tested  by  the  inoculation  of 
^  oese  of  the  strain  "]'est  Virulent,"  when  all  which  had  been  vaecinated 
with  the  two  cultures  proved  to  be  thoroughly  immune,  while  the  animal 
which  had  received  only  one  culture  died  of  pest.  Every  one  of  ten' 
control  (non  vaccina  ted)  monkeys  inoculated  in  tlie  same  manner  died 
of  the  infection. 

Twelve  monkeys  in  Series  SI  (p.  213)  were  vaccinated,  each  either 
with  1  or  S  cultures  of  this  same  strain,  "Maassen  Alt."  On  testing  their 
immunity  two  w^ceks  later  by  the  inoculation  of  ^  oese  of  the  strain  "Pest 
Virulent"  it  was  found  that  of  the  eight  vaccinated  with  3  cultures, 
two  died  after  a  somewhat  prolonged  infection  and  of  the  four  vaccinated 
with  1  culture,  two  also  died,  one  after  a  prolonged  illness.  Therefore, 
the  mortality  in  this  series  was  33.3  per  cent,  GG.6  per  cent  of  the 
monkeys  having  be«n  immunized.  Each  of  twelve  control  animals 
inoculated  at  the  same  time  succumbed  to  pest  infection. 

Eighteen  monkeys  in  Series  24  (p.  315)  were  inoculated  with  agar 
cultures  of  this  organism  ("Maassen  Alt"),  one  with  ^  a  culture,  and  the 
remainder  with  1  or  2  cultures.  Four  of  these  animals  died  after  the 
vaccination.  It  seems  clear  that  the  animal  numbered  1552  died  from 
the  effects  of  the  vaccination  and  in  the  remaining  three  monkeys,  death 
probably  occurred  both  from  the  same  cause  and  from  that  of  infection 
with  pyogenic  cocci.  Two  weeks  later  on  testing  the  immunity  of  the 
nine  which  were  inoculated  with  2  agar  cultures  and  which  survived 
the  vaccination,  all  but  one  (number  15i5)  were  found  to  resist  the 
infection.  This  one  died  of  pest.  On  testing  the  immunity  of  the 
four  animals  which  had  been  inoculated  with  1  culture  and  of  the  one 
which  had  been  given  ^  culture,  all  were  found  to  be  immune.  Hence 
the  entire  mortality  in  this  series  was  28  per  cent.  However,  as  a 
number  of  the  control  animals  inoculated  at  this  time  and  in  the  same 
manner  did  not  die,  the  remaining  72  per  cent  of  the  animals  of  this 
series  can  not  be  regarded  as  being  of  necessity  highly  immunized. 

Fifteen  other  monkeys  in  Series  5%  (p.  317)  were  inoculated  subcuta- 
neously  each  with  1  agar  culture  of  the  strain  "Maassen  Alt."  One  of  the 
animals  died  thirteen  days  after  vaccination.  The  cause  of  death  could 
not  be  discovered  at  autopsy.  One  month  after  the  vaccination,  on  testing 
the  immunity  of  the  remaining  fourteen  by  the  subcutaneous  inoculation 
of  %  oese  of  the  strain  "Pest  Virulent,"  seven  died  and  seven  survived  the 
inoculation. 

In  all,  forty-nine  monkeys  were  vaccinated  with  the  strain  "Maassen 
Alt;"  of  these,  four  probably  succumbed  from  the  effects  of  the  vaccina- 
tion and  one  from  an  unknown  cause.     On  testing  the  immunity  of  the 
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remaining  forty-fonr,  thirteen  died  and  thirty-one  (70  per  cent)  were 
found  to  be  immune. 

Experiments  in  the  im,munization  of  guinea  pigs  with  the  strain 
"Maassen  Alt." — Forty-seven  guinea  piga  in  Series  33,  38,  40,  and 
47  (pp.  218  to  S21)  wore  inoculated  either  intiaperitoncally  or  snbcuta- 
neouBiy  with  1  agar  culture  of  the  strain  "Maassent  Alt."  In  the  experi- 
ments in  which  the  inoculation  was  made  intraperitoneally,  a  number 
of  the  animals  died  of  pest  intoxication,  namely,  three  in  Series  33  and 
one  in  Series  38.  In  three  of  iliese  instances  the  cultures  made  at  autopsy 
from  the  heart's  blood  f  tl  in  al  remained  sterile;  in  the  fourth,  no 
cultures  were  taken  f  tl  I  a  t  Two  of  the  animals  died  two  days 
after  the  vaccination  at  d  altl  ugh  in  each  instance  cultures  from  the 
lieart  were  sterile,  in  b  th    a  Itures  prepared  from  the  abdominal 

cavity  developed  a  ric)  gr  wt)  f  th  strain  "Maassen  Alt."  The  guinea 
pigs  also  occasionally  1  1  f  th  subcutaneous  inoculation  of  only  1 
agar  culture  of  the  strain  "Maassen  Alt;"  this  was  true  of  one  in  Series  40 
and  one  in  Series  47.  In  both  instances  the  animals  succumbed  within 
twenty-four  hours  after  the  vaccination,  evidently  of  plague  toxaemia. 
Therefore,  the  strain  "Maassen  Alt"  is  distinctly  more  virulent  and  more 
toxic  than  "Pest  Avimlent."  To  sum  up,  sis  in  all  of  the  forty-seven 
guinea  pigs  died  from  the  effect  of  the  vaccination.  The  immunity  of  tlie 
remaining  forty-one  was  tested  from  one  to  two  months  after  the  vaccina- 
tion, when  only  five  (13  per  cent)  died  and  thirty-six  (88  per  cent)  were 
shown  to  have  been  thoroughly  immunized.  One  hundred  and  fifteen  un- 
vaccinated  control  guinea  pigs  were  tested  in  exactly  the  same  manner 
and  at  the  same  time  as  the  vaccinated  ones.  All  of  the  control  animals 
died  of  pest  infection. 

3.   IMMUNIZATION    WITH    FILTERED    CULTURES   AND   EXTRACTS    (fREE 
receptors)    op  THE  ORGANISM. 

The  German  Plague  Commission  (GafEky,  Pfeiffer,  Sticker,  Dieu- 
donne)  reports  two  experiments  in  the  immunization  of  Macacus  monkeys 
with  filtered  bouillon  cultures  of  the  plague  organism. 

A  ten  day's  bouillon  culture  of  the  virulent  bacillus  was  filtered  through  a 
Berkefeld  filter,  one  portion  of  the  filtrate  was  heated  to  90°  C.  and  another 
mixed  with  0.5  per  cent  carbolic  acid  and  put  aalde  for  twenty-four  hours.  One 
of  the  monkeya  was  inoculated  with  5  cubic  centimeteTB  of  the  first  portion  and 
the  other  with  5  cubic  centimeters  of  the  second.  On  subaeciuently  teating  the 
immunity  of  these  animals  with  1  oese  of  the  virulent,  living  peat  bacillus,  both 
succumbed  to  the  infection. 

The  Austrian  Plague  Commission  (Albrecht  and  Gohn)  found  that  a  moderate 
degree  of  immunity  could  be  obtained  in  rats  with  filtered  bouillon  cultures  of 
the  plague  bacillus.  The  immunity  which  resulted  from  the  use  of  the  old 
bouillon  cultures  was  higher  than  that  which  came  from  the  yoimg  ones,  but 
in  neither  instance  did  it  equal  that  which  was  obtained  with  killed  cultures  of 
the  organism. 
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Kossel  and  Overbeck "  also  stated  that  rats  could  aometimes  b«  immunized 
with  tlie  filtrates  of  bouillon  ciilturcB  which  were  killed  by  heating  at  from  56° 
to  60°  C,  ftithough  no  details  of  the  experiments  are  given.  Markl "  believed  that 
a  soluble  pest  toxin  as  well  as  some  metabolic  product  was  formed  in  the  filtrate 
of  young  bouillon  cultures  and  of  those  grown  at  a  low  temperature,  with  which 
antitoxic  immunity  could  be  obtained  and  an  antitoxic  serum  produced  in 
horses.  The  animals  with  which  he  expei'inicnted  certainly  acquired  a  tolerance 
against  the  injection  of  the  filt«red  cultures,  but  tlie  Imtnunity  against  pest 
infection  was  not  tested  in  any  of  them;  moreover,  Kolle"  was  unable  ttp  pioduce 
a  serum  of  any  value  with  such  cultures,  although  from  repeated  inoculations 
of  flltratea  of  bouillon  cultures  from  eight  to  ten  weeks  old  he  was  able  to  obtain 
a  serum  of  very  low  agglutinative  and  protective  power.  It  would  appear  from 
these  experiments,  that  the  plague  bacillus  does  not  readily  undergo  autolysis 
and  liberate  free  antigenetic  receptors  even  in  old  bouillon  cultures. 

Besi'cdka "  found  that  a  separation  of  the  pest  endotoxin  from  the  bacilli 
occurred  when  dried  pest  bacilli,  physiologic  salt  solution  and  normal  serum 
of  the  horse  were  mixed  and  allowed  to  stand  over  night  at  the  temperature  of 
the  ice  box. 

Upon  centrifuging  this  mixture  and  separating  the  bacteria,  the  clear  fluid  was 
found  to  contain  most  of  the  pest  toxin.  The  precipitated  bacteria  were  found 
■  to  have  lost  their  toxic  action  to  a  great  extent,  but  not  their  immunizing  power. 
Nine  mice  were  each  tnoeulated  with  O.CtOS  milligram  of  these  bacilli  "atoxique." 
Pive  of  the  animals  survived  the  inoculation  and  the  course  of  the  infection  was 
prolonged  in  the  remaining  four. 

Owing  to  the  success  I  had  met  with  in  immunizing  both  man  and 
animals  with  the  free  receptors  obtained  from  the  cholera  spirillum 
by  autolysis,  similar  experiments  were  undertaken  upon  animals  with 
the  plague  bacillus. 

In  the  first  experiments,  48-hour  agar  slant  cultures  of  the  virulent 
strain  were  suspended  in  a  small  quaiitity  of  distilled  water,  heated 
during  one  to  two  hours  at  60°  C,  and  after  being  placed  for  several 
days  in  the  incubator  at  37°  C,  were  filtered  through  a  Berkefeld  candle. 
■  Immunviation  of  monkeys  with  the  free  receptors  of  the  plague 
iacillvs, — Experiments  with  such  filtrates  are  recorded  in  Series  7  and 
26  pp.  231  to  223.  Nine  monkeys  were  inoculated  subcutaneously  with 
various  amounts  of  the  free  receptors.  Only  two  were  found  to  be  immune 
and  to  survive  the  infection  when  their  immunity  wa'^  tested  from  ten  t" 
fourteen  days  after  the  first  inccuUtion  lie  rcults  of  thest  experi 
ments  were  'io  unfavorable  th^t  ^ttem]tb  to  ibtain  the  free  receptors 
in  a  sometthat  different  manner  w  re  instituted 

The  further  evpeiiments  of  th  h  nature  with  the  free  receptort,  of 
the  organism  of  pest  will  be  described  m  the  next  «£<  tion  of  this  paj  er 
devoted  to  the  sulject  of  immmiziticn  with  phgut  aggrcssm  =!mcc 
owing  to  the  work  cf  Bail  and  his  a'*xiate'»  the  teim  a^grcesm  '\\&°. 
now  become  well  ^tablisl  ed  m  medical  literature 

"Eyg.  Bund.   (1001),  11,  103. 

"Ztsohr.  f.  Hyg.  u.  Infectionikrankh.,  Leipz,   (1901),  37,  401. 

"Festschrift  f.  Robert  Koch  (1903),  3S2. 

"Ann.  d.  I'imi.  Paatevr  (1906),  19,  479. 
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STUDIES   IN   PLAGUK   IMMUNITY.  IHo 

4.    IMMUNIZATION   WITH    I'LAOI'Ji   AOGIIKSSIN. 

Hucppe  and  Kikiictii  wctg  the  first  to  perform  expcriineiita  with 
natural  plague  aggrcssin  in  animals  and  to  announce  that  a  certain  and 
not  dangerous  method  liad  been  discovered  for  imnmnization  against 
pest.  This  work  has  already  been  referred  to  in  the  introduction  to 
this  article.  Their  experiments  were  few  in  number  but  the  authors 
mention  that  it  was  their  intention  merely  to  call  attention  to  the 
priority  of  the  use  of  this  method  of  immunization  of  animals  against 
plague.  The  guinea  pigs  which  were  immunized  had  received  several 
inoculations  of  the  aggressin  exudates. 


Further  attempts  at  immunization  with  the  free  rcceptorK  of  the 
plague  bacillus  (artificial  plague  aggressin)  were  being  performed  in 
this  laboratory  at  the  time  of  the  appearance  of  Hueppe  and  Kikuchi's 
work,  but  no  very  favorable  results  could  be  obtained.  After  the  publica- 
tion of  their  article  the  subject  was  investigated  ajiew,  although  I  had 
already  made  a  preliminarj-  report  of  the  value  of  immuniKation  with 
artificial  plague  aggressin  on  March  3,  1906. *«  Further  experiments 
made  in  immunization  with  artificial  plague  aggressin  arc  given  in  detail 
in  Series  29,  30,  31,  36,  and  43  (pp.  333  to  329),  together  with  the 
method  of  preparation  of  the  extract  of  the  organism.  In  all,  twenty-six 
guinea  pigs  and  thirty-two  monJceye  were  inoculated  with  the  extracts  of 
the  strain  "Pest  Virulent."  Only  three  of  the  guinea  piga  (11  per  cent) 
and  but  four  of  the  monkeys  (12.5  per  cent)  proved  to  be  immune,  when 
the  immunity  of  the  animals  was  tested  from  two  to  seven  weeks  after 
the  first  inoculation.  These  results  were  so-  unfavorable  as  compared 
with  those  in  which  the  living,  attenuated  cultures  of  the  pest  organism 
were  used  for  inoculation,  that  this  method  was  not  pursued  further,  but 
experiments  with  natural  plague  aggressin  were  undertaken  on  guinea 
pigs  for  the  purpose  also  of  comparing  the  immunizing  power  of  this 
substance  with  that  of  the  living  attenuated  organism. 


The  protocols  of  the  animals  employed  are  given  in  Series  34  and  43 
(p.  229),  where  the  further  details  in  the  preparation  of  the  aggressin 
exudates  arc  also  described.  Fifteen  of  the  guinea  pigs  of  Series  35  (p. 
230),  were  inoculated  with  the  exudates  obtained  from  the  animals  com- 
prising Series  34,  the  guinea  pigs  each  receiving,  intraperitoneally  from 
3  to  5  cubic  centimeters  of  the  exudates.  All  survived  the  inoculation  of 
the  aggressin.  Their  immunity  was  tested"  with  the  virulent  organism 
about  two  months  after  the  first  inoculation,  when  all  but  four  (26+  per 

"Thit  Journal  (1900),  1,  601, 
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186  STRONG. 

cent)  Bueeuinbed  to  pest  infection.  Twenty-seven  control  animals  were 
also  inoculated  at  the  same  time  in  the  same  manner ;  these  ail  died  of  pest. 
Twelve  animals  in  Series  44  {p.  333)  were  inoculated  with  exudates 
obtained  from  the  guinea  pigs  comprising  Scries  43.  The  immunity 
of  the  animals  was  tosted  about  one  month  after  the  first  inoculation; 
eight  {66.6  per  cent)  died  and  four  {33.3  per  cent)  were  found  to 
be  immune. 

5.    IMMUNIZATION  OF  ANIMALS  BY  KLEIN'S  METHOD. 

Only  a  few  guinea  pigs  were  inoculated  with  the  prophylactic  prepared 
after  the  method  of  Klein  because  it  did  not  seem  clear  that  it  possessed 
any  advantages  over  immunization  with  the  aggressin  exudates,  while  it 
appeareil  to  cause  more  local  irritation  Thirteen  guinea  pigs  in  Series 
54  (p  233)  and  56  (p.  333)  were  each  inoculated  with  a  portion  of  the 
powder  di'tsolved  m  3  cubic  centimeters  of  saline,  solution  and  obtained 
from  dying  at  46°  to  47°  C  and  then  triturating  in  a  mortar  the  buboes, 
spleen,  luer  and  lungi  of  guinea  pigs  which  had  died  of  subacute  pe'-t 
infection  Slougha  of  the  skm  followed  the  inoculations  m  five  in- 
stances The  immumtj  of  the  animals  was  tested  with  the  virulent 
pest  strain  about  one  month  after  the  firht  inoculation,  when  all  but 
four   (30  per  cent)  succumbed  to  peat  infection 

Klein  does  not  refer  to  a  marked  local  reaction  following  the  injection 
of  his  prophjlactit,  and  perhaps  such  a  reaction  was  m  his  experiments 
avoided  by  sonir  dttaik  m  the  manufacture  of  the  prophylactic  not 
Lmpha'iiZLd  m  his  preliminary  desrnption  nt  it'*  preparation 


Hosted  by 


Google 


VL  SERIES  OP  ANIMAL  INOCULATIONS  EMPLOYED  IN 

TESTING  THE  IMMUNIZING  VALUE  OF  THE 

DIFFERENT  METHODS. 


EXrERIMENTS    DEMONSTRATING    StlSCEF'. 

TO    PLAQUE    INFECTION 


OF    MONKEYS 


Series  1 


-  With  monkei/' 


One  48-liour  agar  slant  culture  of  "Pest  Virulent  «8S  "uapendtd  in  5  ruble 
centimeiera  of  bouillon.  A  10  cubic  centimeter  syringe  needle  »aa  di[  ped  in  '(ucli 
a  suspension  and  tlie  needle  then  thruBt  beneath  the  shaded  xKin  of  each  animal 
in  the  region  near  the  root  of  the  tail,  pushed  in  full  length  and  then  withdrawn 


No. 

„,.,.. 

AuWpsy  and  remarks. 

2696 

Dead  in  4  dajs 
Deaainilddji 

Peat  aeptlcffimla.    B.  ptt'U  from  heart,  liver  and  spleen  and  hsmor- 

rhagic  inguinitl  glands 
Pest  aeptti'ffiniia    Innumtratile  peet  ba<.llll  in  blood  o(  heart 
Pest  septicfflmia     B  psihs  Irom  heart  spleen  and  liver 
Pest  septli«mla     B  j!e»<w  from  heart  spleen  and  Itier 

Series 


-»!(/    li 


One  48  hour  agar  slant  culture  o£  Pe^i  Virulent  (secrnd  transplant  from 
{Tllinea  pig  number  1230)  suspended  in  5  lubic  centimeterB  of  touillon  One 
cubic  centimeter  of  the  ouspension  equal  to  2  oeaen  Animals  both  inoculated 
subcutaneoiisly  near  root  of  tail  with  1  cubic  centimeter 
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-Wilhm 


nkeye  and  guinea  jags. 


One  48-lmiir  agar  slant  culture  of  "Peat  Virulent"  suspended  in  5  euliic  centi- 
meters of  bouillon.  A  scalpel  was  dipped  several  times  in  slleli  a  suspension 
and  then  rubbed  over  a  shaved  area  on  tbe  abdomen,  which  ivas  also  slightly 
scarified  with  the  knife. 


An.m., 

.„.„. 

Aulopsy  and  remarks.                                             ! 

Monkej 

Dead  in  b 

Found   deiid    In    the    morning.    On   microscopical    exeinitiatio 

daya. 

stained-blood  Alms  from  heart's  blood,  pest  bacilli  found  prese 
very  small  numbers.    Cultures  from  the  heart  developed  co 
of  the  pest  baciLlus.    A  portion  of  the  spleen  of  thlsBnimal  was  ru 
over  the  shavedabaomenofmonkey  No.  1244  (see  below). 

onles 
bbed 

Monkey 

Dfafl  in  4 

Plague  seplieteniia.    Ha^morrhagic  glands.    Cover  slip  specimens 

Monkey 

A'"'^ 

Monkey 

«"  — 

The  abdomen  of  each  animal  was  shaved  over  a  small  areii  and  scarified  lightly, 
then  a  portion  of  the  spleen  of  another  animal  which  had  succumbed  to  acute 
pest  infection  was  rubbed  over  this  area. 


..,„.,». 

Abdomen  maaaiiged 

„...„ 

1 
Autopsy  and  remarks. 

Monkey  1244_ 

Guinea    pig 
1170. 

Guinea    pig 

(see  above). 
Monkey    No.    128S 
<see  Series  5,  Oct. 
25). 

Alive  and  well. 

Bead    Oct.    80, 
after  5  days. 

Buboes  and  multiple  necrotic  foci  In 
spleen  and  liver.    Pure  cultures  of 
BacOtwi  petKi  from  the  heart. 

spleen  and  liver.    Numerous  pest  ba. 
cilll  in  smeaiB  from  spleen. 

On  November  2,  two  48-liour  agar  slant  cultures  of  "Pest  Virulent"  (from 
guinea  pig  number  1298,  second  transplant)  were  suspended  in  10  cubic  centi- 
meters of  bouillon  (5  cubic  centimeters  to  each  tube),  a  10  cubic  centimeter 
syringe  needle  was  dipped  in  this  suspension  and  thruat  beneath  the  skin  of 
monkeya  numbers   1357  to   1.160  inclusive.     Monkeys  numbers   1361   to   1364  in- 
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Series  1G — Continued. 


[  n  e  a  I  re  p  p  1  sul  taneoualy  0  5  cubic  CPnt 
(equal  to  I  oete  I  '^t  Virulent  }  and  monkeys 
leeeived  aubc  itaneonali  0  25  cubic  centi  i  etcrs   pq  a 


nlierci   1301   to   1  if  R 


Antmol 

K„.. 

Remarks  and  a  lopsy 

185V 
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ttuok   with  JO 
needle  d  pped   n 

Virulent 
do 

do 

Animal  aallerecl  a  mild    nfe  Uon  and  became 
immune  reslstlngtherelnotulati  nof2whole 
oesen    Pest  Virulent    on  Dec  W 

Do 
Innnmerable  pen  bao  Hi  in  unean  from  the 
speeo 

splee      Peat  sep  t  sm  a 

spleen. 

DO. 

Z: 

Do. 

ously. 

Dead    ^ov     6 
Bfter4diijs. 

Dcud    Nov.    5, 
altfir  3  days. 

do 

1  oese  ••FMt  Vim- 
leiil"  anbciitane- 
ouBly. 
— -do -... 

Dead    Not.   T, 
after  S  days. 

-„._do 

Dead    Nov,   s, 
after  4  days. 

Series  6  — Killed  boudlon  cvUvre^,  uith  Tmmkeys 

The  following  monkeys  weie  inoculated  aulicutaneoualy  near  the  root  of  the 
tail  with  Haffkine  s  plague  prnphjlaitit  purchased  by  the  Bureau  of  Health  from 
India  The  immunity  of  all  the  animals  waa  tested  eleven  days  after  the  flrat 
injection  in  the  following  manner  One  24  hour  agar  alant  culture  of  Pest 
Virulent  was  suspended  in  S  cubic  centimeters  of  saline  solution  a  10  cubii' 
eentihieter  avringe  needle  waa  dipped  in  this  suspension  and  then  thrust  beneath 
the  shaded  skin  of  the  animal  on  the  opposite  side  of  the  tail  to  Hiuch  the  first 
injection  had  been  made 
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»».. 

prophyloc- 

InTettron!' 

Autopsy  and  romarks. 

"» 
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Dead  after  5  flays. 

blood. 

,.„„... 
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1000 

do 
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Dead  after  7  dsys. 

pest  bftiiilli  m  smears  from  spleen. 
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Only  one  or  two  baolIU  found  in  smears  : 

rom  eplecn. 

c  bubo  near 

n)— chronic 

1=39 

1241 

3000 

i-ise 

ConttoL_. 

]>eBd  after  31  day^. 

spleen. 

blood  .n» 

1299 

Control ._. 

Deadaft«r7dBys. 

Series  9. — KiUeil  agar  rullurei  "Pest  Viruloit,"  mth  monlei/n. 

Six  48  hour  agar  slant  cultures  of  "Pest  Virulent"  (from  guinea  pig  number 
1221,  second  transplant)  suRpended  in  «  cubic  centimet«ra  of  saline  solution  (1 
cubic  centimeter  to  each  tube),  the  whole  mixed  and  heated  for  one  and  one-half 
hours  at  62°  C.  A  culture  taken  proved  the  suapenaitm  to  be  sterile.  The  follow- 
ing animals  were  inoculated  sul)Cutaneo«sly,  each  with  2  cubic  centimeters  (cqiuil 
to  2  agar  slant  cultures)  on  October  18.  On  October  28  the  animals  were  reinoc- 
ulated  subciitaneously  on  the  other  side  of  the  body  with  1  cubic  centimeter  of  a 
suspension  of  a  48-hour  slant  culture  of  living  "Pest  Virulent"  in  5  cubic  cen- 
timeters of  bouillon  (1  cubic  eentimettr  equal  to  2  oesen). 
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Series  2'!  — Killed  and  hung  agar  cultures  vf  Pest  I  truteiil  untk  monkeys 
Twenty  fi\e  48  hrur  ■jgar  slant  cultnres  of  Pest  \  irulent  Ifrom  guinea  pig 
number  14*16  second  transplant)  were  suspended  in  25  cubic  eentimeters  of 
bouillon  Tie  suspension  was  placed  in  an  incubator  registering  (!0°  f  for  one 
(in  1  one  half  hours  After  its  removal  cultures  were  taken  which  tw  days  latti 
leieloped  colonies  of  pest  bacilli  (three  colon  es  to  two  large  loopti  of  the  suapen 
sion  )  Evidently  the  temperature  of  the  vcr^  concentrated  suspension  of  hacilli 
had  not  reached  60°  C  although  a  thermometer  placed  in  a  test  tube  containing 
l>ouillon  in  the  incubator  registered  this  temperature  during  the  1  eating  With 
this  suspension  containing  killed  and  also  a  modeiate  number  of  living  pest  hacilli 
tl  IS  "eriea  of  animals  was  inoculated  as  below  on  December  4  1006  On  December 
18  two  weeka  after  tie  first  inoculation  tie  animals  which  remaned  aliie 
weie  remoculated  in  the  following  mannei  Nine  48  hour  agar  slai  t  mlturea  of 
Pest  Virulent  (from  guinea  pig  number  1516  second  transplant)  were  suspended 
in  45  cubic  centimeters  of  bouillon,  and  each  animal  was  remooulated  subcutane- 
ouslj  on  the  opposite  side  of  the  body  to  that  on  which  the  first  inoculation  was 
made  with  0.2  cubic  centimeter  of  tliis  suspension,  that  is  with  a  little  less  than  i 
oese  of  "Pest  Virulent." 
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Series  23— Continued. 


coraoui. 

Anlms 

No. 

InoouLaled  De- 
cember 4  subcu- 
taneoiHly  with— 

Infected 

Result, 

.„,,„.,„ 

.... 

15K 

1598 
1699 

1602 
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Nearly  1  oese 
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do 
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Dead  Jan,  8 
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Alive  and  well .._ 

of  the  sec  nd  reiuo  u 

The  majority  uf  the  monkeya  of  this  series  inoluiiing  tlie  controN  were  verv 
large  weighing  5  000  grams  and  oier  the  large  animals  haimg  been  collected 
and  saved  for  inoculation  in  the  »>ame  series  A  number  of  the  lontr^ls  as  will 
be  seen  from  an  e*.ammation  of  the  table  did  not  die  and  1  tnte  the  e^act  v^lue 
of  the  immunization  is  not  shown  bi  the  experiments  In  tie  stries  of  inocula 
tiona  performed  after  this  date  whenever  the  monktj  s  neiglt  was  over  3  tlOO 
grams  §  oese  of  Pent  Virulent  was  emplojed  in  testing  the  immunity  in 
place  of  i  oese  However  some  if  the  yen  large  monkeys  were  apparenth  as 
susceptible  Ui  pest  infeetiLU  as  certain  of  tie  smill  ones  The  series  on  the 
otlier  hand  shows  ier>  distinctly  an  important  fiot  namelj  thit  it  is  not 
possible  to  immunize  all  animals  of  this  speeies  with  a  single  uniform  dosL  for 
although  the  primary  inoculation  was  so  large  that  it  killed  some  <f  the  inimala 
of  this  series  in  otlier  instaneea  it  failed  to  protect  them  agamst  the  subsequent 
inoculation  of  evun  less  than  i  lese  of  Pest  Virulent  which  amount  in  eien 
some  of  the  control  animals  did  not  gne  rise  to  a  fatal  infeition  The  animals 
that  succumbed  to  the  first  intculation  also  demonstrate  the  ineffioacv  )f  a  ingle 
heating  in  attenuating  the  pest  bacillus  the  tew  banlli  rtmaimng  alive  in  the 
suspension  having  retained  their  full  virulence 

Series  i^^Ktlled  agar  cultures  of    Pest  Virulent     w  th  monkeys 

On  December  8  twenty  eight  48  hour  agar  slant  cultures  of  lest  Virulent 
(from  guinea  pig  number  1514  second  transplant)  were  suspended  in  28  cubic 
centimeters  of  0  OSS  saline  solution  {i  cubic  centimeter  to  each  culture!  ind  the 
suspension  placed  it  65°  C  for  one  hour  Cultuns  from  this  suspension  after 
wards   proved   t)   be   sterile     Monkqs   nurabtred   15^8   to    1571    indusive   were 
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iiiorul'itel  sulwutinpouaU  each  with  1  cubic  centimeter  monkeys  numbered  1572 
to  15"6  pach  »itl  2  cubic  centimetefB  and  number  157"  with  0  8  cubic  centimeter. 
Three  of  tl  e  animals  apparently  succumbed  from  the  effect  of  tins  inoculation 
On  December  26  cightten  dava  after  the  first  inoiulation  the  animals  were 
reinoculated  in  the  following  manner  '*it  48  hour  agar  slant  cultures  of  Pest 
Virulent  (from  guinea  pig  numlier  1592  second  tranajtlant)  were  suspended  in 
^0  cubic  centimeters  bouilkn  (5  cubic  centimeter*"  to  each  tube)  Each  animai 
was  inoculated  subcutaneouslj  on  the  opposite  side  of  tbe  bo  iy  to  that  on  which 
the  first  inoculation  was  made  with  0  33  cubic  <entimeter  equa)  to  3  oese  Pe«t 
Virulent  Twe!v(  contr  1  animals  weie  also  inocuHted  at  the  sam  time  with 
the  same  amount  of  the  suspensiin 
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STUDIES   IN   PLAGUE   IMMUNITY.  195 

Sbbies  48 — Rtlled  agar  cuiiuiFs  of    Pett  Vtmlent     -unth  nionKeyi 

Fifteen  48  hour  agar  cultures  of  the  atrain  Pest  Virulent  from  guinea  pig 
number  2fi83  second  transplant  were  suspended  m  15  tubic  centiinetera  of  aaline 
solution  (1  cubic  centimeter  to  each  culture)  the  entire  auipension  leatci  for 
tne  hour  and  fifteen  mmutea  at  05°  t  Cultures  taken  from  the  suspensitn 
remained  sterile 

On  October  27  each  monkey  of  the  genes  was  inoculated  aubcutaneously  «ith 
1  cubic  centimeter  of  the  suspension  (equal  to  one  agar  slant  culture]  On 
November  28  one  month  after  the  inoculationH  tlie  immunity  of  tl  e  animal'* 
was  tested  bv  the  lubcutaneous  injection  of  0  33  cubic  centimeter  (f  a  suspension 
of  the  stnin  Pest  \irulent  (fi^e  48-hour  agar  cultures  from  f,umea  pig 
number  2865,  second  transplant  in  25  cubic  centimeters  bouillon)  mto  the  opposite 
side  of  the  body  to  that  on  which  the  vaccination  was  made  Twenty  (i\e  control 
animals  Here  also  inoculated  on  tins  date  and  in  the  same  manner  The  immunity 
of  the  animals  of  tliis  series  was  tested  on  the  same  date  and  in  the  same  manner 
as  was  that  of  the  animals  comprising  =*ene3  4ft   51   and  52  (pp   197   203  217) 
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STUDIES   IN   PLAGUE   IMMUNITY. 


— KiUeii  bonUlon  cultures  of  "Pi 


iriiknt,"  unihm 


Tlie  monkeyH  of  this  seriea  were  inoculated  on  October  27,  subcutaneously  near 
the  root  of  the  tail  with  from  10  to  15  cubic  eentimeters  of  six  weeks'  old 
bouillon  cultures  of  t!ie  virulent  pest  organisni  killed  by  heating  for  one  hour 
at  05°  C  On  November  28,  one  month  after  the  primary  inoculation,  the 
immunity  of  the  animals  was  tested  by  the  subcutaneous  injection  of  }  oeae  of 
the  strain  "Peat  Virulent"  (from  a  48-hour  agar  culture  from  guinea  pig  number 
2865,  second  transplant),  suspended  in  0.33  cubic  centimeter  saline  solution. 
The  animals  were  inoculated  on  the  opposite  side  of  the  body  from  that  upon 
which  the  primary  inoculation  was  made.  Twenty-tlve  control  animals,  numbered 
2896  to  2920,  were  also  inoculated  on  this  date  and  in  the  same  manner.  They 
all  died  of  pest  infection.  For  the  details  of  the  autopsies  see  Series  48.  The 
immunity  of  the  animals  of  this  series  was  tested  on  the  same  date  and  in  the 
same  manner  as  was  that  of  the  animals  compriiinft  Reries  4S,  51  and  52,  pp.  195. 
203,  217. 
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Series  50. — Killed  agar  cuUure  of  "Pent  Virulent,"  with  ff\iineapig>. 

Fifteen  48-hour  agar  cultures  of  the  strain  "Pest  Virulent"  from  guinea  pig 
number  2583,  second  transplant,  were  suspended  in  15  cubic  centimeters  of  saline 
solution  (I  cubic  centimeter  to  each  culture).  The  entire  suspension  was  heated 
for  one  liour  and  fifteen  minutes  at  05°  C.  Cultures  taken  from  the  suspension 
remained  sterile.     On  October  27  each  guinea  pig  of  the  series  was   inoculated 


Hosted  by 


Google 


STRONG. 
Sek  e    50— C     t 


O     N 


t       t        f  tl  u  pe  pq  1  t     1     g        It 

n     n   nth      ft  t  tl  u    ty     f   th 

n  mal      n        h        tan      w       t    ted       th  th  t  Peat  V  ul     t      n      actly 

h    sane  mann      a      n  Series  46    47    and  ')4  (pp    211        0  3  )      Tw  nty  fi 

rMit    I  a  un  al      nun  b      d  2870  t     2894    w  i         Tat  d     t  tl      sajn    t  1 

th        n     mann       all    f     1     h  d  ed    f         t  pi  gu        ft  F      th    d  t    I 

fth    p    tocol      ee  46  (p      11) 


Dead    Dec.    10. 


Dead 

d™, 

Mrta 

Dead 

Dee 

Hds 

fltlP 

14  dH 

Alive 

Dead 

Deo 

buboes.    In  fare 
d  spleen. 


Hosted  by 


Google 


STUDIES   IN    PLAGUE   IMMUNITY.  1&9 

EXl'KlilMENTS    IN    THE   IMMUNIZATION  OF    4NIM4.LS    WITH    LIVING 

4TTENU41ED    CULIURES    (\  ACOINATION ) 

StRLEs  4  — /  oci^tf    iKUl!     Pfst  iiir  lent    II   iiuiide /» 

Six  24  loir  igir  alaiit  ultures  of  Pest  Avirulent  were  suapeniel  in  (I  c  il  ip 
wnt  mptpis  of  b  uillon  (1  cubic  centimeter  to  each  culture)  the  viliole  i  ii\ed 
and  I  cnbie  centimeter  o£  tl  e  im\.ed  suspension  injected  aubcutaneoualy  near  the 
loot  of  the  tail  of  each  animal  en  October  10  Ten  days  later  the  imin  inity  of 
the  animals  was  tested  m  the  following  manner  A  48  hour  agar  culture  of 
Pest  Virulent  (from  guinea  pig  number  1221  second  transplant)  was  bub 
pended  in  6  cubic  cmtimeters  of  bouillon  and  animals  numbered  l'*2S  to  lill 
and  controls  numbered  1282  to  1285  were  reinoculated  by  dipping  a  10  cubic 
centimeter  Blunge  needle  in  this  suspension  and  then  thrusting  the  needle  beneatl 
tl  e  shaven  skin  near  tl  e  root  of  the  tail  on  the  opposite  side  to  that  upon  which 
the  vaccination  had  been  made  Animals  numbered  1232  and  1233  and  controls 
numbered  1286  and  1287  were  reinoculated  by  lipping  a  scalpel  several  times  in 
this  same  suspension  and  rubbing  it  (vei  the  al  a*eil  nbd  men  an  I  slightly 
"Carifving  the  skin  with  the  knife 
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bBRCES  11 — InoLulationt With     PeU   Utrutent     mmonLi>ii 

Ten  34  hour  agar  sHnt  cultures  ( — 1  per  cent  alkaline  to  phenol  plithalein)* 
of  the  strain  Peat  Aiirulent  were  Huspended  each  in  1  cubic  centimeter  ot  saline 
■solution  the  whole  10  cul  ic  centimeters  mixed  and  1  Cllble  eentimeter  or  about 
1  agar  slant  injected  into  each  animal  subcntaneouslj  near  the  rfot  of  the  tail 
ElevLD  days  later  the  immunitv  of  the  animals  waa  tested  in  the  following 
manner  Two  4a  hour  agar  cultures  of  Pest  \  inilent  (monkey  nuiiber  1205 
second  transpHnt)  were  suipemied  each  in  5  cubic  centimeters  of  boiiill  n  an  i 
eath  animal  was  reinoculited  sul  cutane*  uth  on  tie  opposite  side  of  tie  l>od\ 
with  1  cubic  centimeter  of  thii  suspension   equal  to  2  oesen 
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STUDIKS   IN   I'LAGUli   IMMUNITY, 
Sfbie8  1' ^Iifjcidationswilk    Pe»l  inr\dfnl 


mui  leyt 

Tl  irtcen  24  lifur  ugai  ^lant  cultures  of  Pent  ^virulent  were  suspendHl  each 
in  1  cubic  centimeter  of  liouillon  the  Buspensioni  were  mixed  and  monkeys  nuiii 
berod  120fi  to  1301  mclusne  were  each  inoculated  subcutaneou^lj  with  2  cubic 
centimeters  and  nunkeys  numbertd  1302  to  HOC  mclusne  each  with  1  cubu 
centimeter  Ten  dajs  after  the  vaccination  tlie  immunity  of  each  animal  waa 
tested  in  the  following  manner  Two  agar  alant  48  hour  cultures  of  Pest 
\lrulent  (from  guinea  pig  numbPT  1124  second  transplant)  were  each  suspended 
m  5  cubic  centimeters  of  bouillon  and  animals  numbered  \ZW  anl  iSOO  to  ltu> 
and  controla  numbered  1414  t>  1422  were  each  inoc  ilafed  subeutaneously  with 
0  2S  cubic  centimeter  of  this  auipenxion  equal  to  *  oeae  Pest  \  irulent  ani 
.inimil  number  HOG    with  0  5  cubic  centimeter   equal  to  I  nese 
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On  November  6  twenty  48  hour  agar  Cdltiirea  of  'Peat  Aiiriilent  \iere  fus 
peniied  in  20  cubic  centimetera  of  bouiUon  and  each  animal  was  \aecinaled 
with  2  cubic  centimeters  of  thn  suspension  equal  to  2  agar  slant  cultures  On 
No\cmber  23  seventeen  days  after  the  first  inoculation  two  41  hour  agar  slant 
cultures  of  Pest  \irulent  (from  guinea  pig  niunber  1452  second  transplant) 
were  suspended  in  10  cubic  centimeters  of  bouillon  nnd  each  animal  was  rein 
o  ulated  subcutancoualy  jn  the  opposite  side  i>t  the  bod^  to  that  upon  which 
the  firit  inoculation  was  pertnimed  with  0  2o  cubic  centimeter  of  thi'f  suspension 
tcjual  to  J  oese      Ten  control  animal'*  «ere  hIm  inoculated  at  tin  same  time  «ith 
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STUDIKH   IN   I'LAGUK   IMMUNITY. 
Series  18- — Continued. 
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lation.    NoplaguebacilliineiilWreB 
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bacilli  and  coRci  in  smeara  from  the 
ulcer.    The  animal   has    evidently 
died    ol   plague    intoxication,    the 
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there  IR  a  bubo  about  the  point  of 
luoeulation  In  smears  from  which  a 

1382 

flo _„ 

____.do 

Alive  and  well. 

llieae  controls  eonatitute  the  same  animala  given  in  Series  17.  They  all  died 
if  acute  ppit  infection  in  from  four  to  five  days  For  details  of  the  autopsies 
ee  heries  17   (p   21i) 


nty  fi 


tilth  '  PfM  Aiii'Uent"  ill monkeyK. 
!  48  hour  agar  slant  cultures  of  the  strain  "Peat  Avirulent"  * 


suspended  in  25  cubic  centimeters  of  aaline  solution  1 1  cubic  centimeter  to  each 
culture)  Monkeys  numbered  2706  to  2712  each  received  subcutaneously  2  cubic 
centimeters  of  this  suspension  equal  to  2  agar  cultures,  and  monkeys  numbered 
2713  to  2720  each  received  1  cubic  centimeter  equal  to  1  agar  culture.  On 
November  28,  one  month  after  the  viccmation  the  immunity  of  the  animals 
was  tested  with  a  suspensicm  of  the  stram  Pest  Virulent"  in  exactly  the  same 
manner  as  was  the  immunity  of  the  animals  comprising  Series  48  and  S2  Ip.  217). 
Twenty  five  control  animala  numbered  2896  to  2920,  were  also  inoculated  on  this 
date  and  with  the  same  suspension  They  all  died  of  acute  pest  infection.  For 
the  ditails  of  the  protocols  see  Series  48   (p    19')) 
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Series   S2 — Inocutaticn' 


viih     tes 


ivtrulent     m  gum 


'  P"/-- 


May  16  T«entj  four  48  hour  agar  slant  cultures  of  Peat  Avirulent"  were 
suspended  in  24  cubit  centimeters  of  saline  solution  {1  cubic  centimeter  to  each 
culture)  Animals  numbered  1<>75  to  lt86  e-^cept  number  1971  were  each  moc 
ulated  intra  peritoneal  ly  with  2  cubic  centimeters  equal  to  2  agar  cultures  The 
guinea  pigs  comprising  thi?  Benes  Here  small  averaging  from  150  to  ITi  grams  in 
weight  On  July  16  two  months  after  the  laceination  tht  animals  which 
remained  alue  were  all  reinoculated  in  the  following  minner  4.  4fi  hour  agii 
culture  of  Pest  Virulent  (from  guinea  pig  numlier  2174  second  transplant) 
was  suspended  m  5  cubic  centimeters  of  bouilkn  ind  5  oesen  of  thi^  auspensicm 
rubbed  oier  a  small  freshly  shaved  area  on  the  abdomen  ind  the  skm  scarified 
with  a  knife  Twenty  five  controls  were  inoculited  in  the  samt  manner  ind 
served  for  this  aeries  and  for  the  following  one      (Series  37) 


'sr. 

May  16  with- 

Reinoculated 
Julylewith- 

Result. 

Autopsy  and  remarks. 

;- 

Two  48-hour  ciil- 

penslon 
■•Pest  Viru- 
lent," 

Numerous  pest  bacilli  in  smears 
Irom    spleen.      Many    swollen. 
Few  postmortem  bacilli. 

afltT  5  days. 

- do 

Hosted  by 


Google 


STUDIES    IN   PLAGUE   IMMUNITY. 
Series  32 — Continued. 


'sr 

Vaooinatcd 
intmperltoneiLlly 
May  16  with— 

ReinoculBted 

,-.. 

Autopsy  and  remarks. 

1981 

Two  4S-ho.ir  cut- 

Not     MinooiJ^ 

No  evidence  of  pest  at  the  post 

Avirulenl,- 

Iftted;    dead 
Mayl9,8d8y» 
after      vaeel- 

mortem    examlnatfon       Perlto 
neum  hyperiemie  butnohiemor 
rhages.    In  smeare  from  spleen 
no    organisms    seen.      Cultures 
from  spleen  and  heart  negative 

oped.    Spleen  not  swollen 

c3o____ — ' 

No  evidence  of  pest.    Marked  hj 

loted;    dead 

May    17,    23 

Culture    Irom    the    abdominal 

vaccinHtioli. 

cavity,  fair  numberof  pest  bacilli. 

" 

^LVvi™- 

Alive  and  M-ell- 

™ 

do 

lent," 

Not     reinocu- 
laled;    dead 

hiemorrhages     in     abdomen. 

May    17,   less 

Walls  slightly  (edematous.    Cul- 

ture  from  the  heart  negative. 

after      vaooi- 

OU5  colonies  of  peel.   1  cc.  of 
the  fluid  present  in  the  abdom- 
inal eavlts  wes  injected  into  the 
abdomen  of  guinea  pig  No.  1W8 
wlileh  remained  alfve. 

do 

No  evidences  of  pest.    Abdominal 

aed     d    II 

In  iasd 

:." 

fl    d   n  abdomen.    In  cover  slip 
mth   spleen  and  abdomen  no 

d  m  n      colonies  of  pest  bacilli. 

n        u  e  Irom  heart,  2  colonies. 

ul      e       m  heart  negative.    Cul- 

lated;    dead 

May20,4diiye 

oua  colonies  with  typical  mor- 

after    vacci- 

phology  ol  pest  bftctllue. 

Hosted  by 


Google 


STBONO. 

Series  32— Continued. 
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STUDIES   IN   PLAGUE   IMMUNITY. 

Sebieb  37 .^Inoculations  with  "I'mt  Avirvient" 


t  yumea  p%gx. 

May  20  r«n  24  hour  agar  cultures  of  Pest  Avirulent"  were  suspended  in 
10  cubit,  centimeters  of  normal  *"ahne  solution  1 1  cubic  centimeter  to  each 
culture)  Each  animal  receueii  1  rubic  centimeter  inlraperitoneallj.  Some  of 
the  guinea  pigs  of  this  stries  did  not  weigli  over  175  grama.  One  of  these 
apparentli  succumbed  from  the  effect  of  the  vaccination  On  July  16,  nearly 
two  months  after  the  vaccination  the  animals  were  ali  teinoeulated  with  5  oeaen 
of  a  suspension  of  Pest  \irulent"  (one  48  hour  culture  from  guinea  pig  number 
2174,  second  transplant  in  5  cubic  centimeters  of  bouillon),  rubbed  over  a  frealily 
shaved  area  on  the  abdomen  which  was  scarified  with  a  scalpel.  These  animals 
were  all  inoculated  in  e\actly  the  same  niannpr  and  on  the  same  day  as  the 
animals  compriiraR  Series  12  13  and  3S  (pp  218  and  219)  Twenty-five  eontfol 
inimal'"  numbers  2098  to  2122  were  also  inoculated,  all  of  which  died.  The 
details  of  the  autopsies  are  gnen  in  Series  32   {p   206) 
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June  10  Fifteen  24  hoii  aga  slant  ultu  es  of  P  at  A  ul  nt  w  i 
pended  in  15  cubic  ctnt  n  t  a  f  n  mat  aal  ne  s  lut  on  a  d  a  h  gn 
was  inoculated  aubcutan  o  ly  w  tJ  1  b  nt  d  et*  t  th  u  p  n  o 
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knife      Twent*   control  gu  nea  p  ga         e  alao      ocul  t  d  at  tl  e  lan  e  t  n 
in  the  same  manner      T)    ae  a       al    al  o  d  fo        nt     la  f  e    i 

40   (p   219) 
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STUDIES   IN   PLAGUE   IMMUNITY, 
Series  3!V— Continued. 


coKr.oL8,                                                    1 
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s  41. — Inocidaimtix  imik  "Pest  Awmlent"  ij 


n  guinea  pign. 

June  30:  Twentj-one  24-liour  agar  slant  cultures  of  "Pest  Avirulent"  were 
suspended  in  21  cubic  centimeters  of  saline  solution  and  each  guinea  pig  was 
inoculated  subcutaneotisly  with  1  cubic  centimeter  of  this  suspension.  On  August 
28,  two  months  after  the  vaccination,  the  animals  were  ail  reinoculated  with 
5  oesen  of  a  suspension  of  "Pest  Virulent"  (two  48-hour  cultures  from  guinea 
pig  number  2315,  second  generation,  in  10  cubic  centimeters  bouillon)  being 
rubbed  over  a  freshly  shaved  and  scarified  area  on  the  abdomen.  Twenty-live 
control  animals  were  also  inoculated  at  the  same  time  and  in  the  same  manner. 
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STRONG. 
E8  41 — Continued. 
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STUDIES   IN   PLAGUB   IMMUNITY.  211 

Sbbies  46. — Inoculations  with  "Pest  Avtrulenl"  in  guinea  piga, 

October  26  Fifteen  48  hour  agar  slant  pultureB  of  the  Btrnin  "Peat  Avirulent" 
nere  ■iuspen  ipd  in  16  cnbie  cintimetera  of  saline  solution  (I  cubic  centimeter  to 
each  culturei  Each  guinea  pig  of  the  series  was  inoculated  subcutaneously  with 
1  cubic  centimeter  of  this  suspension  On  November  20  one  month  after  the 
inccination   the  immunity  of  the  animals  was  tested  in  the  following  manner: 

Fue  oeaen  of  a  suspension  of  Peat  \  irulent  (two  48-hour  cultures  from 
^inea  pig  number  2S58  second  transplant  in  !0  cubic  centimeters  of  bouillon) 
being  rubbed  ovei  a  freshly  shaved  but  not  scan  tied  area  of  the  abdomen. 
lwent\  five  control  animals  were  also  inoculated  at  the  same  time  and  in  the 
same  manner  The  immunity  of  the  animals  of  this  series  was  tested  on  the 
same  date  and  with  exactly  the  same  suspension  as  was  that  of  the  animals 
comprising  Series  47    50   and  54      (See  pp   220    30"   and  2^2.) 
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STRONG. 
Series  4G. — Con  tinned. 


CONTROLS-Conlinued. 
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Series  17. — Inocukilions  idth  the  elrain  "Maassen  Alt" 

November   -1;  Six   48-hour   agar   slant   cultures   ot 
pended   in   7   cub  c   centin  etera   of   tf   illon      An  mal>" 


Alt" 


X  iberPd  1389  to  13  1 
:  each  inoculated  subcutaneoualy  uitl  2  cube  cfntineters  of  tlia  sua 
pension  w1  eh  equals  nearly  2  agar  slai  t?  and  aniu  al  number  137"  v  th  1  cub  c 
cent  meter  or  nearly  1  agar  slant  of  Tilaassen  Alt  On  November  ''3  twenty 
la  s  after  the  a  nat  on  "  agar  sla  t  ult  res  f  Pest  \  rulent  (from  ^u  nea 
p  g  number  1453  second  transplant)  vere  suspended  n  10  c  bio  cent  meters  of 
bou  lion  and  ea  1  an  n  al  was  re  noculatcd  aubcufancoualy  on  the  opposite  n  de 
of  the  body  to  tl  at  upon  vh  eh  pr  oua  n  eulat  n  !  ad  been  perfor  ned  v  th 
0  I'i  cub  c  cent  n  eter  of  th  s  auapens  o  vh  h  s  eq  al  to  I  oeie  Pe  t  \  mlent 
Eleven  control  an  nala  vere  at  the  aa  e  t  ne  ilso  noeulated  s  bo  taneonsly 
w  th  the  san  e  dose 
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STUDIES   IN   PLAGUE   IMMUNITY. 
Series  17 — Continued. 
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gBBiEa  21. — Inocidations  wtlk  U 


Matmen  All    mmmk  i/t 


November  14  Twenty  tne  48  hour  agar  slant  cultures  of  Maasnen  Alt  were 
suipended  m  21  cubic  centimeters  of  bouillon  Monkq'a  numbered  I43S  to  1445 
inclusive  each  received  2  cubic  centimeterB  aubcutai  eoush  whicli  is  equal  to  2  agar 
^lant  culturef  and  monkeys  numbered  1446  to  1449  ineliisne  I  cubic  centimeter 
Bubcutaneou'ily  equal  fo  1  agar  slant  culture  On  November  28  two  wpeks 
after  the  vaccination  the  animals  were  all  reinoculated  in  the  following  manner. 
Two  agar  slant  cultures  of  Pe«t  Virulent  |from  guinea  pig  number  1479, 
second  transpHnt)  were  >raapended  in  10  cubic  centimeters  of  bouillon  and  each 
ammal  was  inoculated  subcutaneouslv  on  the  opposite  side  of  the  bodi  to  which 
the  laecination  had  been  made  with  0  25  cubic  centimettr  of  this  suspension, 
equal  to  i  oese  Pest  \  inilent  TweUe  control  animals  were  all  inoculated  at 
the  same  time  «ith  the  name  dose  of  this  suspension  etcept  animals  numbered 
1503  and  1504  whicli  were  len  large  m  nkevs  and  wl  icl  received  0  33  cubic 
centimeter 


AnimBl 

NoTemlTerM 

Intecti-d 
N  *  ember  "8 

.,..,.. 

Autopsy  and  remarks. 

118)1 

1439 

2  agar  slant 
euluires. 

do 

- do - 

J  oese   "Pest 
VlruleiiL" 
-do 

- do._ 

.„.-do 

Alive  Bnd  well. 

Dead    Dec.    5, 
after  7  days. 

Dead     Dec.    6, 
after  8  da  js. 

Very  few  pest  bftcllli  in  smears  from 
the  spleen  and  near  point  of  liioou- 
lation.    Tissues  near  point  of  inocu- 
lation reddened  and  (WIemaWue, 

A    few    bacilli    in  smeais   from    the 
bubo  which  also  contains  numerous 
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Series  21 — Contiiraeil. 


A^roal 

November  14 
aubcuume- 
oualy  with— 

»sE- 

»,.. 

— 

1444 

■i  agar   bIbdI; 

k  oese  "PeBt 

:::"^o  :::::::: 

- do 

ac. 

Alive  HTidwelK 

_ do 

after  fi  days,' 
Deari    Deo,  18, 

Alive  and  well 

Pest  bacilli  fairly  numerous  in  smears 
from  the  spleen.  No  appearanoe  of 
bubo  about  point  of  inoculation 
although  pest  bacilli  are  uuiDorous 
in  the  tisues  in  this  region. 

A  large  sloughing  absceffi  Bt  the  point 
of  inoculation  in  which  a  fair  num- 
ber of  peat  biicllll  and  streptococci 
arc  present.  Smears  from  spleen 
show  a  few  haclUi. 

CONTROLS, 

1.WS 

'  Z,ZT 

Dead     Dec.    2. 

No  bacilli  found  In  one  smeat  fn.m 

hfflmorrhagic   bubo    is   present    in 
which   tiumorouB  pest    bacilli   are 

from  spleen. 
Innumerable  pest  bacilli  in   smears 

Fairly  Dunerona  pest  bacilli  fn  smears 
from  spleen. 

Fairly  numerous  pest  bficilli  in  smears 

from  spleen. 
Do. 

from  apken. 

after  5  days 
l>ead     De"     1, 

J  oeae   "Pest 

Virulent." 

-— -do 

)  oese    "Pest 

-—do 

Dead     Dec.    2. 

alter  4  days. 
Dead    Deo.   4, 

after  6  days. 
Dead    Deo.   3, 

after  5  days. 

after  3  days. 
Dead    Dec.    3, 
af Hir  5  days. 
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STUDIES   IN    PLAGUE   IMMUNITY. 


Series  34. — Inoeulathnt  imth  the  si 


"Jfiiassen  AW  in  rnonkajg. 


On  December  4,  thirty-two,  48-hour  agar  slant  cultures  of  "Maassen  Alt"  wtre 
suspended  in  32  cubic  centimeters  of  bouillon  (1  cubic  centinieter  to  each  tube). 
Monkeys  nuinbereil  1536  to  1547  inclusive  were  inoculated  aubcutaneoualj  eacli 
with  2  cubic  ctntiniet«ra  of  thi3  suspension  equal  to  2  agar  eultuiea  monkeys  num 
bered  1548  to  1552  inclusne  with  1  eubie  centimeter  each  and  monkev  number  1553 
with  a  little  le>"3  than  1  cubie  centimeter  equal  to  about  I  culture  Four  of  the 
animals  succumbed  apparently  from  the  result  of  the  vaccination  On  December 
18  the  surviving  ones  were  alt  reinoculated  in  the  following  manner  A  48  hour 
agar  slant  culture  of  Peat  Virulent  (from  guinea  piR  number  1516  second 
transplant)  was  suspended  in  H  cubic  centimeters  of  bouillon  and  each  animal 
inoculated  subcutaneouslj  on  the  opposite  side  of  tlie  bod;  to  that  upon  which 
the  first  inoculation  was  pven  with  0  2  cubic  centimeter  which  equals  a  little  leas 
than  i  oese  of  Pest  \  irufent  Attention  must  be  called  to  the  fart  that  this  series 
«as  inoculated  esactiy  the  same  as  Series  2t  Amone  the  animals  comprising  the 
present  Series  24  there  were  also  a  number  of  large  monkeys.  For  controls,  the 
same  animals  giien  as  controls  in  Series  23  (see  p  101),  mimbered  1504  to 
1605,  were  employed,  all  being  inoculated  in  the  sanie  manner  and  on  the  same 
day  It  will  be  seen  from  the  table  that  a  number  of  the  controls  did  not  die 
and  hence  conclusions  regarding  the  exact  lalue  of  the  immunization  in  this 
series  can  not  be  drawn 


Vaccinated 

No 

subcutane- 
outlj-  with- 

^^  wiTh  "  ^'^ 

Bewlt 

Autopsy  and  remarks. 

1136 

i  axar  slant 
cUUurea 

7    t  day, 
after  first 

Skin  burned  and  tiidsed  at polntoffnocu- 

pua  in  which  numerous  orgftntams  are 
present.    Smears  fiom  spleen  are  nega- 
tive.   Cultures  from  fhe  spleen  devel- 
oped one  oglony  of  SlaphtMoccug  aureus. 
Culture  from  abscess  shows  very  numer- 
ous  colonies  ol  Staphyt/Koccm    aureus 
and  also  of  "Maaaaen  Alt." 

show  few  eolontesof  "Maasaen  Alt"  ana 

aflpr  first 

tht  spleen  negative. 

1^ 

-—do 

Nearly  J  oeae 

\IWe    anrt 

*It  is  not  entirely  clear  thai  these  animals  cuccu tubed  lo  a  pest  infection  alone.  They  were  eTl- 
detitly  In  poor  health  and  In  three  the  Staphghiconas  aareue  was  also  ieolateil.  In  the  case  ol 
monkey  number  1552  It  seems  clear,  hoviever  that  the  animal  really  succumbed  lo  pest  Infection. 
It  must  lie  noted  Ihat  animals  numbered  1&3D  ltiS7  and  1547  died  In  a  much  shorter  lime  than  one 
would  eipect  from  a  pest  infection  with  an  avirulent  organism. 
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Sebies  24 — Continued. 


____i3o 


kin  burned  anil  incised,  roveol 
abscess  in  wliicJi  numerous  : 

developed  numeroua  eolonies 


*Itis  not  entirely  elenrthat  tliese  i 
dently  in  poor  healUi  and  in  three 
mankey  number  1552  it  seems  clear,  I 
It  must  be  noted  that  animals  i 
would  sipect  from  a  pest  iafectiOD  with  i 
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pest  infeotlo 

one. 

Theyw 

Staphylococcni 

vcr,  that  the  a 

al  really  aiiei 

536, 1537  and 

% 

died  in  amu 
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STUIHES   IN    I'l-AGUli   IMMUNITY.  217 

Skrieh  52. — InoeuktlUins  mth  the  gtrain  "Maassen  Alt"  in  mimleeys. 

Twenty  two  48  liour  agar  slant  nlUurPi  of  the  strain  "Maaasen  Alt"  were 
suspended  in  22  eubic  centimeters  saline  solution  (1  cubic  centimeter  to  each 
culture)  Monkejs  numbered  2721  to  2728  received  aubcutaneoualy  eaeh  2  cubic 
centimeters,  equil  to  2  agar  slant  culturei  Monkeys  numbered  2729  t«  2735 
each  received  1  cubic  centimeter  equal  to  1  agar  slant  culture  On  Noiember  28, 
one  month  after  the  vaccination,  the  immunity  of  the  animals  was  tested  by 
the  subcutaneous  injection  of  the  strain  "Pest  Virulent"  in  exactly  the  same 
manner  a*;  was  the  immunity  of  the  animals  in  Series  48  and  51  (Sec  pp  m'i 
and  203  )  Twentj  five  control  animah,  numbered  281)0  to  2020,  were  also  inocu 
lated  in  the  same  manner  with  the  same  suspension  and  succumbed  to  acute 
infection      For  the  details  of  the  protocols  see  Series  48 


•mi  do.. 


do 


do 


do 


Hfter  S  daye. 
Dead    Dec.    1 

after  8  days. 
Dead    Dec.    1. 

after  2  da;s. 


merable   pest  bacilli  in  smears 

m  spleen. 

I.    Fair   cumbers  of  peat  bacilli 
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^lo  STKONG. 

1SBRB833— /    mltto      vihil     I  'aaa         ill         y       apg 

Maj  16  T»e  ty  two  48  hou  a««r  slant  c  Iturps  o!  the  t  a  Muasaen  Alt 
we  e  u  pen  lei  r  22  cub  c  nt  meters  of  sal  ne  aolut  on  (1  c  be  cent  n  eter  to 
each  ulture)  Gu  nea  p  gs  numbe  ed  108  to  199  i  ee  noculated  ntm|erto 
eall  each  w  tl  1  cub  o  cent  mete  On  Tuly  16  t  vo  months  after  the  race  na 
t  on  the  n  n  l3  ere  all  re  noculated  v.  th  the  stra  n  Pest  V  rulent  n 
eta  tlv  the  Han  e  a  e  a  tl  e  an  n  «l  S^r  es  3"  3  anl^fi  (see  pp  204  '>07 
and  219)  tl  e  an  e  ■>  eo  t  ol  an  n  al  n  he  1  20  S  to  "flZ  all  of  1  1  lei 
of  p  st   serv    g  fo    all  th  ee  of  tl  e  e 


.  Dead  May  17, 


Alive      and 


rBfihlyshaytKlai 
m    abdomen   anil 
iiin  llghUy  SI 


V  hfemorrhaicea  [n  the  a, 
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STUDIES   IN   PLAGUE   IMMUNITY. 


8erib4  38  — IrtocUafwn  vith  the  'iram     Maaxutt  A(l 


n;  ff' 


Jitaj  20  Eight  24  agar  slant  cultures  of  Maassen  Alt  were  suspended  in  8 
cubic  centimttera  of  normal  valine  solution  (1  cubic  centimeter  to  each  culture) 
and  each  animal  was  inoculated  mtraperitoneally  with  1  cubic  centimeter  of  the 
aiispension  One  animal  auecnmbed  from  the  effect  of  the  vaccination  On  July 
lb  about  two  months  after  the  vaccii  ation  the  animals  were  all  reinoculated 
5  oesen  of  the  same  HU'^pension  of  Peat  Virulent  employed  m  remoculatinj; 
Seiies  32  3)  and  37  being  rubbed  over  a  aha\ed  and  scarified  area  on  the  abdomen 
The  same  twenty  five  control  animalx  numbered  2008  to  2122  employed  in  Series 
32  and  33  (see  pp  204  and  218|  which  all  died  ani«ered  for  controls  for 
the  present  series. 


Animal 

Vaoclnaled 
May  20,  inlra- 
perlloneally 

Jul/lflwlth- 

„.„. 

— ■■— ■ 

2018 

"Maassen 

rubbed  over  abdo- 

Alive  and  well. 

read   July   31, 
after  1^  days. 

Alive  and  well . 

Very  few  peBt  bacilli  in  smeaia 
from     the     spleen.      Small 

iiegatlTC.    From   the  abdo- 

Fair  number  of  peat  bacilli  and 
numerous    post-mortem 
inyading  bacilli   in    ameara 
from  apleen. 

— -do._ 

5    oesen    suspension 
of  "Pest  Virulent" 

days     alter 

Dead   July  21, 
atl«r6days. 

Series  iO.—InomtMionn  with  thf  i 


n  "Maassen  Alt"  ii 


gwiif 


June  15:  Fifteen  24-agar  slant  oulturei  of  "Maassen  AH"  were  suspended  in 
15  cubic  centimeters  saline  solution,  and  each  guinea  pig  inoculated  subcutane- 
onsly  with  1  cubic  centimeter  of  this  suspension.  On  August  3,  nearly  one  and 
one-half  jponths  after  the  vaccination,  the  animals  were  all  but.  one  reinoculated,  5 
oesen  of  a  suspension  of  "Peat  Virulent"  (one  48-houT  culture  from  guinea  pig 
number  2204,  second  transplant,  in  5  cubic  centimeters  bouillon)  being  rubbed  over 
a  shaved  area  on  the  abdomen  which  was  tightly  scarified  with  a  knife.  It  is  to 
be  noticed  that  these  animals  were  all  inoculated  in  exactly  tbe  same  manner 
as  those  described  in  Series  30.  Tiie  same  twenty  control  animals,  numbered 
2249  to  2268  (see  p.  209),  which  all  died,  also  served  for  the  present  series. 
55670 B 
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STRONG. 
Series  40— Continued. 


nr 

Vaccinated 
eobeutaneoiiB- 

Intecwa  August  a 

.„., 

— 

2182 
2135 

One    24-hour 

"Mnasaen 
Alt." 

of  "Pest  Virulent" 
rubbed  o.er  ab- 
domen. 

""'"" 

negative.     Cover  sHp   from 
point  of  inotulfttion  show's  a 
few     degenerating     bacilH. 
Animal    evidently    died    of 
plague  toxaemia. 

Few  peet  bacilli  in  smears  from 
Pest. 

do 

Dead  jQne  16. 
vacof  nation. 
AlWe  and  well . 

- do 

of  "Pest  Virulent" 
rubbed     over    ab- 

do 

do 

Dead  Aue    U 

Alive  and  well - 

do 

do 

do 

do 

Dead  Aug.   13. 
after  10  days. 

Sbribs  47. — Inocviaiions  wUh  the  strain  "Maassen  Alt"  in  gvineapigg. 

October  2ft:  Fifteen  48-hour  agar  slajtt  cultures  of  the  strain  "Maassen  Alt" 
were  suspended  in  15  cubic  centimeters  of  saline  solution  ( 1  eiibie  centimeter  to 
each  culture).  Elach  guinea  pig  of  the  aeries  was  inoculated  Hubcutaneously  with 
1  cubic  centimeter  of  the  suspension  equal  to  1  agar  slant  culture.  On  November 
26,  about  one  month  after  the  vaccination,  the  immunity  of  the  animals  was 
tested  in  the  following  manner; 

Five  oesen  of  a  suspension  of  "Pest  Virulent"  (two  48-hour  cultures  from 
guinea  pig  number  2853,  second  transplant,  in  10  cubic  centimeters  of  bouillon) 
being  rubbed  over  the  freshly  shaved  but  not  scarified  area  of  the  abdomen. 
Twenty-five  control  animals,  numbered  2870  to  2894,  were  also  inoculated  with 
the  virulent  organism  at  the  same  time  and  in  the  same  manner.  All  of  these 
succumbed  to  acute  plague  infection.  For  the  details  of  the  protocols  see 
Series  46  (p.  211). 
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STUDIES    IN   l'I,AGUK   IMMUNITY. 

Series  17 — Continued. 

ie  inijiiiiiiity  of  tlii^  uoiiiials  in  tliis  series  was  tested  in  Die  *ii 
witli  exactly  the  BBme  suspenaion  as  was  used  for  the  animals 
3  46,  50,  and  54.      (See  pp.  211,  lfl7,  and  232.) 
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Vsocinalfld 
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Inlecled 

Result. 
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d  remarks. 

2618 

One  24-hour 
Agar   cul- 
ture     "Mtt- 

5  oeaen  auapen- 
aion  of  "Peat 
Virulent"   rub- 

well. 

2M9 

- do 

. do 

do 

^ 

da 

do 

do 

No  plague  bacilli  fo 

und  in  cover  sllpa 
vity  or  from  point 

27,  1  day 

after  vne- 

of  inoculation.    S 
evidently  died  of 

me  fluid  had  en- 
cavity.    Animal 

Virulent-  rub- 

wdl. 

ai5!. 

do 

2659 

. — ao 

- do 

z 

-do 

EXPLItIUE^TS  IK   THE  IhOCUL4Tl 
OF  THE  STR4IN 

Series  7 — /»   r  lalioim  v    monkeye  -attli  eetracU  of  the  Hram    Pe»t   T  t denf     [free 
recfjitOTt) 

Twentj  ne  48  hour  slant  culturfs  of  the  strain  Pest  Virulent  were  sub 
pended  in  21  cubic  centimeters  of  saline  solution  The  oi^niim'*  were  killed 
by  heating  for  one  hour  at  60"  C  and  the  suspension  pliced  in  the  mcul  ator 
at  37°  (  for  three  days  At  the  (nd  of  this  time  t  was  filtered  through  a 
Berkefeld  candle  The  animals  were  inoculated  aubcutaneouslv  with  the  filtrate 
as  shown  below  Ten  days  later  their  immunity  was  tested  by  sticking  them 
with  a  10  cubic  centimeter  svrmge  needle  nhich  had  been  dipped  in  a  suspension 
of  "Pest  Virulent  (one  48  lour  agar  slant  Pest  Virulent  guinea  pig  number 
1243,  secOTid  transplant)  suspended  in  5  cubic  centimeters  of  bouillon 


Hosted  by 


Google 


STEONG. 
Series  T^Continued. 


No° 

ilea. 

How  inlecled. 

Result. 

Autopsy  and  remarki.. 

U. 

Uc  pfodact 

Stuck      with 

CO.  sjTlnge 
needle. 

7  days. 

6  days. 

Deart   Bfltt 

11  days. 

Numerous  orgiini^ms  In  the  spleen. 

1.8ce.autoly- 
tic  product 
=  flS  niB.  ol 

CONTRO.^. 

1295 

Infected  10 
ee.  sjrindc 

Dead   after 
7  days. 

Dead   alter 

locoKus  aureus.    Pest    organism    prol}- 
ftlily  iitlll  localized  near  point  of  inoou- 

No  pest  bnciLlI  found  in  the  smears  Irom 
the  spleen.  Very  numerous  in  smears 
from  the  tissues  naii  the  point  of  inocu- 
lation. 

Innumerable  pesi  bHCflll  In  smears  from 
»[ileen.  Cultures  from  heart  show  B. 
pealftr  (pore). 

Series  29. — Inoeulatitms  in  monkeys  with  extracls  of  the  slrnin  "Pest  Virulent" 
(  frff  receptors) 

On  Dectmbci  8  sixteen  4S  hour  agar  slant  cultures  of  Pe-it  \irulciit  (flora 
t,amea  pi^  number  1514  second  gLntration)  were  iufpendpd  m  IC  lubn,  centi 
meters  of  distilled  water  the  orginiBms  killed  by  heating  at  60°  (_  for  one  hour 
and  the  auapenaion  then  placed  m  the  incubator  at  3"°  I.  for  four  days  At  the 
end  of  this  time  it  was  iilterpd  through  a  Berkefeld  candle  The  suspension  both 
before  and  after  filtration  was  sterile  On  December  12  the  animals  of  this 
aeries  were  inoculattd  subcutaneolislj  with  the  filtrate  as  below  On  December 
20  fourteen  day«  after  the  first  moculation  the  animals  were  infected  in  the 
following  manner  feix  48  hour  agar  slant  cultures  of  Pest  \iiulent'  (from 
guinea  pig  number  1502  second  transplant)  were  suspended  m  30  cubic  centi 
meters  of  bouillon  (5  cubic  centimeters  to  each  culture)  Each  animal  was 
inoculated  subcutaneous^  on  the  opposite  side  of  the  bod>  with  0  33  cubic 
centimeters  equal  to  s  oese  of  Peat  Virulent  Tnelve  controls  nurabered  161! 
to  1624  were  all  inoculated  it  the  time  time  with  the  same  doae  Tlic  details 
of  the  results  with  the  control-i  may  be  aeen  in  Table  N  25  (See  p  194  ) 
\ll  of  them  succumbed  to  acute  pest  infection 
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STUDIES   IN   PLAGUE   IMMUNITY. 
Series  2fl — Continued. 


N^ 

•ubc  itaneoualy  with— 

Relnoculfttloii 
December  20 

Result. 

„„„...,.„.,... 

1685 
IftSfi 

Fr"B  recpploiB  titraMal 

i   oeae  "Pest 

a.    atUjr 
17  days. 

Tew  pest  bacilli  in  smears  Irom 

isms  in  a  large  bubo  over 
whid.  the  slifn   is  not  yet 
brot™. 

Numeroua     pe9t     l.a<>llll     in 
smears  from  spleen. 

Very  numeroua  peat  bacilli  In 
ameara  from  the  spleen. 

Very  [e«  pest  bacilli  iaameara 
from  the  apleen.    Organisms 

Fmo  receploxs  exlraeted 

lure  "Pest  Virulent." 
Free  receptors  extracted 
Irom  1  agar  slant  cul- 
ture "Pest  Virulent." 

do 

- do 

well. 
Dead    Jan. 

daya. 
Dead    Dm. 

daya. 
DeadJan.l. 
after      6 

Series  29  — Tuiculationg  uifh  aHiJieud pe»l  ogqresstn  »n  mnnkeyi  and  yuinia pii/s 

On  Januaij  27   large  te«t  tubes  of  agar  were  inoculated  with  first  transplant 

culture"  of    Pegt  \  irulent    from  guinea  pigs  numbered  1700   1608    1697  and  1676 

11    f  wh    h     nimaU  died  between  the  23d  to  the  25th  of  Januarj      The  cultures 

w       plaeed    t  30°  C    (or  t»o  days      The  ^Tonth  waa  then  suspended  in  distilled 

ti'      1      b     centimeter  being  med  for  each  cultuie  containing  about  30  roilli 

t,    m      f  th    groHth      The  whole  was  mixed  and  placed  on  an  eltetrical  shaking 

h        f       fi^e   dajB      The  suopension  «a8  then  heated   foi    one  and   one  halt 

h  t      t  mperature  of  44°  to  46°  C     and  5  per  cent  carbolic  acid  added  in 

IB        t  q       titj  to  form  a  0  5  per  cent  solution      After  one  and  one  half  days 
th  p         n   was    thoroughly   centrituged    for   four   hours    at   a    velocity    of 

4  000  lut  one  per   minute  and  the  clpar  fluid   abo\p   pipetted   and   uaed   for 

th  n  ul  t  ns  on  February  7  ai  given  below  Cultures  showed  this  fluid  to  be 
sterile  On  February  24  and  25  nearlj  three  weeks  after  the  first  inoculation 
the  animals  were  reinoculated  in  the  folloning  manner  In  the  ca-ie  of  the  guinea 
piga,  the  abdomen  of  each  nas  freshly  shiied  the  skin  aearified  with  a  knife 
and  a  portion  of  the  spletn  of  guinea  pig  number  1766  which  had  Bueeumbed 
this  date  to  acute  ptst  infection  «as  rubbed  Hell  oier  the  scarified  area  Three 
control  guinea  pigs  were  inoculated  m  the  same  manner  The  monkeys  were 
inoculated  Rubcutaneouslv  with  0  33  cubic  centimeter  of  a  suspension  of  Pest 
Virulent  (5  cubic  centimeters  of  bouillon  to  one  48  hour  agar  slant  cultuie 
from  guinea  p  g  numi  er  17B4    wcond  generation   equil  to  about  i  oese 


Inocalatu 


n  TUin 


1  pi  08 


Animal 

™"j-wllh- 

Inleoted  Februarj 

Result 

AutLpav  and  remarks 

S  CO.  artiflclal  ag- 
sresain     intra- 
periloiieeily. 

tion     of     pest 

Dead   Mar. 
days. 

Typical  buboes  containing  nu- 
meroua pest  baotlli. 

no. 
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STRONG. 
Series  23— (Jontinued, 


COKTBOLS, 

"C" 

"ffl"- 

»"aS-"" 

„...,.. 

"»"•—"- 

1772 

Abdomen    mas- 

27,  after  3 

Innumerable    pest    bacilli,    bu- 
Do. 

aaRed    wilh  por- 
spleen. 

1,  after  ;. 
days. 

days. 

Inoculaliong 

in  monkeys 

Antmal 

^°^r"'«-ith- 

'"'"SS-""" 

...U. 

Autopsy  and  remarka. 

Bubo  containing  puaand  typical 
pest  bad  Hi. 

Very  numerous  pest  bacilli  in 

Itinumerable    pest    bacilli     in 
smears  from  spleen. 

from  spleen.                               ^ 

ameara  from  apleen. 

Irom  spleen. 

Smears  from  spleen  negative  for 
peat     bacilli.     Smeaia     from 
point  of  inoculation  show  in- 

point  of  InMulfttHin     Numer- 
ous pest  bacilli 

from  spleen. 

Innumerable    peat    bacilli     in 

1V34 

17S7 
1738 

17« 

6  ee.  artificial  a«- 
greseln    subcu- 

About  }  (»ae  "Peat 
Virulent"  BUbcu- 
tancouslr. 

Dead   Mar. 
2,  after  5 
days. 

— -do 

Dead  Mkt. 

1.  fttter  1 

days. 
Dead   Feb. 

28.  after  3 

S,  alter  6 
days. 

1,  alter  4 
daya. 
Dead    Mar. 
3,  after  « 
days. 

28,  after  3 
daya. 

Dead   Mar. 

1,  after  4 
daya. 

2,  after  h 
daya, 

8,  after  fi 

Dead   Feb. 
28,  after  3 
days. 

___„do 

a.5   cc.   arUflclal 
H^greESin    snb- 
outaneouBly. 

_____do 

1  00.  artificial  ag- 
tanemisly. 
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STUDIES   IN   PLAGUE   IMMUNITY. 

Sehieb  29 — Continued. 


"^r 

l"0«i.l«te<l  Feb- 
ruary 7  with- 

Infeeled  February 

Reault. 

Autopsy 

and  remarks. 

1778 

5  cc  arUflclftI  ag- 
Er«^n  BUbcu- 
taneouslj. 

About  1  oese  "P«fit 
Virulent"  subcu- 
taneoiisly. 

Dead  Feb, 
28,  after  8 
days. 

Do. 
Do. 
Do. 

DC 
Do. 

tbe  spleen. 

im 

1780 

28,  alters 

Alive    and 

d. 

._„.d. 

2S,  afters 

i7sa 

ao 

well. 

....-do.-__ 

1785 

1787 
1788 

1790 

do 

Dead    Feb 

2S.  after  3 
days. 

-— flo 

Dead  Mar, 
1.  Kfltr  4 
days. 

days. 

Dead  Mar, 
3,  after  6 

.„.-dO- 

1,  after  4 

CONTROLS, 

1795 
1796 

ocse  "Peat  Vfm- 
lent"  aubculaue- 

27,  after  2 
days. 

„., 

I>ead  Feb. 
28,  after  3 
days. 

do 
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226  STRONG. 

Series  30. — Inoculalionn  inith  artificial  peel  at/greaain  in  ffuinm  pigs, 

February  11 :  The  animals  of  this  series  were  inoculated  with  Artificial 
Aggresaiii  I,  details  of  the  preparation  of  which  is  given  in  Series  29.  The 
aggresain  tested  just  before  inoculation  proved  to  be  sterile.  The  animals  were 
reinoculated   on   February   26   by   the   method   described   for   the  guinea   pigs   in 


(S, 


3.) 


An  1ms 

No, 

„„,.„.,.„. 

...„..,„.„„„.. 

»,.. 

Autopsy  and  remarks. 

1758 

4.5   cc.  ArUlii^ial 
AKgressin  1  in- 

Abdomen  shnved  anfl  scari- 
fied and  massa«ed   with 
portion  of  spleen  of  gui- 

aiea  this  aay  of  piagoe. 

Dead    Mar. 

Typical  poM  bnboes. 

CONTROLS, 

1798 

Abdomen  shaved  and  soari- 
fled  and   massaBed  with 
portion  of  spleen  of  gul- 
nea  pig  No.  I76S  which 
died  this  day  of  plague. 

Dead  Mar. 
days. 

rest    Typical  buboes, 
from  spleen. 

2.  after  4 
days. 

Serifs  ^1  — /    oi^i! 


untk    rl  fijytal  j/e'<t  ayj/re'!iin      gi  t  en  p  /! 


May  11  Thirtj  six  48  hour  large  agar  slant  mtlturee  '  (from  second  genera 
tion  guinea  pig  number  Ifl'ifi)  were  suspended  in  50  cubic  entimetera  of  distilled 
water  The  auspenaion  wis  then  placed  n  an  electrical  ihaking  machine  and 
was  thoroughly  si  aken  for  tl  ree  dajs  Un  Ma>  14  it  was  re  noved  and  cultures 
taken  wl  ich  later  developed  a  pure  giowth  of  peat  bacilli  Fiie  per  cent  carbolic 
acid  was  then  added  in  sufhcient  quantity  to  form  a  0  fi  per  cent  solution  The 
suspension  wa«  then  centrifuged  for  five  hours  at  a,  velocity  of  4  000  reiolutions 
per  minute  and  the  clear  fluid  above  pipetted  from  the  bacterial  sediment 
Cultures  fiom  this  fluid  remained  sterile  The  animals  were  inoculated  aa  below 
On  Tune  11  one  month  after  the  first  injecti  n  tie  immunity  of  the  an  mals 
Has  tested  in  tie  follo«ing  manner  One  48  hour  agar  slant  cultuie  of  P  it 
Virulent  [from  gun  ea  \tg  number  Z067  second  transplant)  «aa  suapenied  m 
6  cubic  centimeters  of  bouillon   and  -i  oesen  of  this  s  ispension  then  rubbed  over 


"  The  culture  tubes  designated  i 
urfice  of  agar  of  mfre  thin  twt  i 
mployed  in  hacteriolngtcal  w  rk 


these 
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STUDIES   IN   PLAGUE   IMMUNITY. 
Series  31 — Continued. 


Animal 
No. 

Inoculated  May 

.sr^r- 

KBSUlt 

Autopsy  and  remarks 

1972 

Aggrraein   11 
inlraperlto- 
neally. 

slon  o(  "Pest 
Virulent." 

■  afters  days, 
after  7  days. 

invading  bacilli  in  ameani  from 
spleen. 

from  spleen. 
Do. 

tnEmears  from  spleen. 

-—do _ 

AllTe  and  well , 
Bsad  June  21, 
alter  9  days. 

CONTROLS,                                                                          1 

'2094 

6  oeaen  BUapen-     l>ead  June  16, 

Pest, 

from     spleen.    HteroorrluiBlc 
buboes, 

Do- 
from  spleen. 

af  isr  7  days. 

Dead  June  IB, 
after  7  days. 

Sb^iks  36. — Inoculiitione  vnth  artificial  pest  aggremn  in  guinea  pigs. 

May  16:  Sixty-Beven  48-liour  large  agar  slant  cultures  of  "Pest  Virulent" 
(friim  guinea  pig  number  1958,  second  generation)  were  suspended  in  67  cubic 
i-entimeters  distilled  watJT,  The  suspension  was  then  placed  in  a  bottle,  after- 
wards sealed  and  throughly  shaken  on  an  electrical  machine  tor  three  days. 
On  May  (9  cultures  were  taken,  these  later  showed  numerous  pest  bacilli  still 
alive.  A  5  per  cent  solution  of  carbolic  acid  was  added  to  the  suspension  suf- 
ficient to  form  a  0.5  per  cent  solution  and  it  was  then  centrifufred  for  three  hours 
at  a  velocity  of  4,000  revolutions  per  minute.  The  centrifugated  tubes  were  then 
removed  and  placed  for  two  hours  at  a  temperature  between  45°  and  46"  d 
The  clear  fluid  above  was  then  pipetted  off  and,  after  its  sterility  was  proved, 
used  on  May  20  for  the  inoculations  described  in  the  table  below.  On  Jtily  IB, 
two  months  later,  the  animals  were  all  reinoculated  in  the  following  manner: 
6  opsen  of  a  suspension  of  "Pest  Virulent"  (one  48-hour  culture  from  guinea 
pig  number  2174,  second  transplant)  in  5  cubic  centimeters  of  bouillon  were 
rubbed  over  a  shaved  area  on  the  abdomen  which  was  scarifled  with  a  scalpel. 
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Has  STRONG. 

Sbeies   iC — Continued 

It  will  be  -een  th'it  ttieie  aiiiimla  «ere  iiioculateci  in  exacth  tlie  sime  manner 
a^  thoie  uwd  in  the  pxperinients  described  in  Series  32  and  iS  (See  pp,  204, 
and  2iS  )  The  '*ame  twenti  tut  contrtl  ^mea  pigs  numbeied  20'>8  to  2122, 
inoculated  in  the  same  manner  seriid  for  the  piLspnt  -eries  as  iiell  Ail  of  them 
died  of  acut«  pest  infection 


nS!        mI?^  with- 

In  fet  ted  J  1)1  J 16, 

..„,.. 

AuWpsy  and  remarks. 

2018  I  S   ec.  ArUflcial 

5  oeaen  suspen- 

Dea<l July  M, 

Moderale  mimber  of  pest  bacilli  fn 

.. 

Aggres^inlir. 
- do 

sion     -I'est 
-—do 

sfter  S  days, 
nesd  July  23, 

smears  from  Bpleen, 
from  spleen. 

—do 

Typical  pest  spleen. 

mi 

.„_.do 

do _ 

Dead  July  21, 
after  5  dajs. 

^spleen""  "*'"''   '"  ""™"  '"" 

Dead  July  23. 
afler7daj-8. 

Typiesl  pest  spleen. 

do 

do 

Dead  July  25, 
afleredays. 

baeillMn  smeari  irom  -pleen 

ao24 

_____do 

Dead  July  23, 
after  7  daj-B. 

Numerous  pest    baeilll   in   imears 
from  spleen 

i 

-—do 

-„.do 

spleen 

— _do 

Dead  July  as, 

Typical  pes  1  spleen 

2027 

3    cc.  Artiflcia] 

— _d<i 

Dead  July  23, 

Innumerable  pe.t  bacilli  In  smears 

2028 

2  If  rJlflcM 

do_ 

Dead  July  25, 

from  spleen. 

AgKreaalnni. 

after  8  days. 

from  spleen. 

2029 

21  cc.  Aftifleiftl 

Dead  July  23, 

AsgresBinlir, 

after  7  days. 

Sbbibs  43. — Inoculations  with  arlifidal  pest  aggressin  in  guinea  pigi. 

On  Juiv  16  aittj  48  hour  agar  cultures  of  the  strain  Pest  Virulent'  (from 
guinea  pigs  numbered  2174  ind  217'i  second  transplant)  were  suspended  in  00 
tubio  centiineteis  distilled  water  1  lubic  eenttmeter  to  each  culture  Tbe  auspen 
sion  was  then  placed  on  an  electrical  ahaking  machine  for  file  days  Tlie  prepala 
tion  of  the  artificial  aggressin  from  thia  point  on  was  then  contmued  in  exactlj 
the  aame  manner  aa  described  in  Series  39  (p  223)  After  it  waa  centrifuged 
cultures  from  the  dear  Huid  showed  the  aggreasin  to  be  steiile 

On  July  23  each  guinea  pig  was  inoculated  aubcutaneously  with  5  cubic  eenti 
meters  and  again  on  August  1  each  animtl  recemng  a  repetition  of  this  dose 
On  August  24  about  tiiree  weeks  after  the  second  inoculation  the  immunity 
of  the  aniniils  was  tested  by  maaaaging  the  abdomen  with  a  portion  of  the 
spleens  of  guinea  pigs  numbered  2315  and  2'ilC  just  dead  of  acute  plague  infection 
Two  control  animals  i^ere  inoculated  at  the  same  time  and  in  the  same  manner 
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STUDIES   IN   PLAGUE   IMMUNITY. 
Series  42 — Continued. 


No. 

•Ai 

Seconii  im- 
Augual  1. 

InlecCed  August  24. 

Result 

rcrnarks. 

ft  cc.  Artifl- 

S  cc.  Anifl- 

Abdomen     masBHgeH     «lth 

Dead   Aug.  29. 

Numerous 

cialAg- 

ciRl   Ag- 

porUoiia  of  llie  spleens  ol 

after  6  days. 

pestlacfUi 

IV. 

TV. 

and  2316  just  dead  oE  acute 
plague  Iniection. 

spleen. 

2I9S 

Subacute 
pest. 

ao 

after  9  days. 

2200 

C0NTK0L8. 

nflor, 

Peat    bacilli 

portions  of  the  spleens  of        alter  6  days. 

in    smears 

guinea  ptga  numbered  2315  ) 

I    r    o    m 

and  231S  just  dead  of  acute  J 

spleen. 

plague  Infection.                 j 

j      allar7dttys. 

Series  34 

— Animak  inoculated  for  the  prepamtum  of  natural  plague  aggreaain. 

Animal  No. 

Inoculatetl  intraperitoneally  with— 

Result. 

Abdominal  enudate 

nea  p  g 

2  oesen  of  the  heart's  blood  ol  guinea 

Portion  of  spleen  ol  guinea  pig  No,  1957 

shaken  up  In  5  cc.  bouillon  May  13- 
i  oese  "Pesl  Virulent"  3  days'  culture, 

Dead  May  20, 
after  6  days. 

Dead  May  14, 
after  li  days, 

Dead  May  19, 
atter2daj9. 

2.75  cc,  for  Aggreesin 

E. 
6  cc.  (or  Affiiressin  A. 

4cc,torAggre96inC. 

2  cc.  lor  Aggreaain  C. 

4cc.(orA8«rea9lnB. 
8  cc.  for  Aggreaain  B. 

3  cc.  for  Aggtessin  C. 

1,75  cc.  for  AggreMln 
J.ftcc.forAgereBsiuE. 
4,5  cc.  [or  AggreMin 

many  post-mortem 

after  1  day. 

after  I  day. 

2003 

fuinca  p  g 

2009 
G  inea  pig 

Guinea  pig 
2011 

J  oese  6  days'  culture  "Pest  Virulent" 
from  guinea  pig  No.  1958  flrel  trans- 
plant in  10  cc.  bouillon. 

Dead  May  19, 
after  1  day. 

after  2  days. 

after  1  day. 
Dead  May  20, 
alter  2  days. 

these  animals 


Fre  Inoculated  for  the  purpose  of  preparing 
In  Manila  to  be  unsatisfactory  (or  this  purpose  o 
tbe  fluid  in  the  pleiiml  or  abdominal  cavity  due  to  post-m 
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SERiEa  34 — Continued. 

The  abdominal  exudates  from  tliese  guinea  pigs  were  collected  on  the  day  of 
tlie  death  of  the  aninial  and  mixtd  with  on  equal  volume  of  normal  saline 
solution.  Five  per  cent  carbolic  acid  was  then  added  in  sufficient  amount 
to  form  a  0.5  per  cent  solution.  The  mixtures  were  then  heated  for  two  hours 
at  44°  to  45°  C.  and  subsequently  centrifiiged  for  four  hours  at  a  velocity  of 
4,000  revolutions  per  minute.  The  clear  fluid  above  was  then  pipetted  and 
used  in  the  inoculations  described  in  Series  35.  Its  sterility  was  in  each  instance 
demonstrated. 
Skhies  43. — Oaineapigs  liweiilalM  fi/r  the  preparation  of  natural  plaifite  aggre-mln. 


Animal 

Inoculated  intraperfWneallj'  with— 

Result. 

Exudate  obtained. 

saos 

2210 
2211 

2216 

2218 
2219 

pig  Xo.  21T9  first  transplant  in  li) 
oo.l>oull1onJuly28. 
- do 

Dead  July  2(1,  after  3  dByB__ 
Read  July  25,  alter  2  daja  .. 

5  CO.  for  Aggrtasln  F. 

8,fl  cc.  foul  oudatB 

SccforAggieasinG. 
iM.forAggrcaslnH. 

»  CO.  tor  AMresfiln  I. 
ifo.forAggressinH. 
2  ee.  lor  Aggrefislu  H. 
iM.forABgfL'SsinH. 
Itc.  EorAggreasfiil. 

2,5oe,fotA8gre!sliiI. 

1  odBe  fl-day  culture  ot  "Peat  Viru- 
lent" guinea  pig  No.  21«3  flrst 

30. 

Dead  July  31,  aller  1  day... 



Dead  July  81,  alter  lday_.. 

Dead  Aug.  1,  after  2  days  .. 

do 

The  abdominal  exudates  from  these  guinea  pigs  were  collected  on  the  day  of 
the  death  of  the  animal  and  mixed  with  an  equal  volume  of  normal  saline  solution 
Five  per  cent  carbolic  acid  was  then  added,  sufiieient  to  form  a  0  5  per  cent 
solutidn.  The  mixture  was  then  heated  for  from  one  to  tuo  hours  at  a  tern 
peratare  of  45"  to  46"  C.  and  subsequently  centrifugtd  for  four  to  five  hours 
at  a  velocity  of  4,000  revolutions  per  minute  The  clear  fluid  above  was  then 
pipetted  olF  and  used  in  the  inoculations  described  in  Series  44  The  steniitj  of 
the  aggresfiin  was  demonstrated  in  each  instance. 


^Inoculatione  imih  natnral plague  aggies 


ngmn, 


The  animals  were  inoculated  as  below  with  natural  aggressin,  the  preparation 
ot  which  is  described  in  Series  34.  On  July  16  they  were  all,  with  the  exception 
of  numbers  2053  and  2054  reiiioculated  by  rubbing  5  oesen  of  a  suspension  of 
"Pest  Virulent"  (5  cubic  centimeters  bouillon  to  one  48  hour  culture  guinea  pig 
numbered  2174,  second  transplant)  over  a  shaved  and  lightly  aearified  area  on  the 
abdomen.  These  animals  were  inoculated  m  exactly  the  same  manner  as  those 
given  in  Series  32  and  33  (see  pp.  204  and  218),  and  the  same  twenty  ilve  control 
guinea  pigs  numbered  2098  to  2122  were  employed  for  the  present  series  Guinea 
pigs  numbered  2053  and  2054  were  inoculated  June  18  by  massaging  a  shaved  area 
over  the  abdomen  with  a  portion  of  the  spleen  of  guinea  pig  numbered  2124  and 
scarifying  the  skin  with  a  scalpel.  Two  control  guinea  pigs,  numbered  2140  and 
2141,  were  also  inoculated  in  the  same  manner. 


Hosted  by 


Google 


STUDIES   IN   PLAGUE   IMMUNITY.  231 

Sbbies  35— Continued. 


Qver  abdomen  July 


TjpICftl    peat    spleen.    Fair 
niber  of  pest  bHclUl  in 

Peat,    Numerous  peat  baetUl 


■    5  tc.  NBtutftl  Ag- 


lafaaged 
with  portion  of 
'pleen  of  gutni* 
pig    No     21M 

.._do 


.  Abdomen  massaged 
with  portion  of 
spleen   of   guine 


Dead    June     Innumeisble  pest  bacilli  In 


And  twenty-five  other  controls;   all   dead.      (See  Series   32   and   33,   pp.  S 
and  218.) 
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—Inoculations  with  naiurtd  plague 


%  gmma  pigs. 


Tlie  animals  Were  inoculated  intraperitoneally  July  27  to  Awgnst  3  as  jjiA'en 
below  witli  natiu'al  nf^Tpssin,  tlie  preparation  of  wbieh  is  deserilied  in  Series  43 
( p.  230 ) .  On  August  28,  about  one  month  after  the  first  inoculation,  they  were  all 
re  inoculated,  5  oesen  of  a  suspension  of  "Pest  Virulent"  (one  48-hour  slant  culture 
from  guinea  pig  numbered  2315  second  transplant  in  10  cubic  centimeters  bouillon} 
being  rubbed  over  a  freshly  aliaved  area  of  the  abdomen  of  the  animal  and  the 
akin  well  scarified  with  a  scalpel.  Twenty-flve  control  animals,  numbered  2362 
to  2386,  were  also  inoculated  in  exactly  tlie  satne  manner  and  all  died.  The  details 
of  these  autopsies  were  given  in  Series  41    (p.  210). 


ADtaal 

Inooulaleci 
Intmperltone- 
allywith- 

Augiist  29  with— 

„. 

Autopsy  and  remarkti. 

220S 

Julya7,4.5cc. 
Natural  A  g- 

do.. 

July30,i.5cc. 
Natural  Ae- 
grtsEdn  G. 

- do.__ 

Aug.  1,  4  00- 
NaturalAg- 

____.do 

- do 

- do 

Aug,  S,  i  CC- 

\ 

eaon    euspen- 
ou'TestVim- 
nt"  rubbod 

do 

do 

do 

do 

do 

after  7  daj-s. 

Alive  and  weil- 
Dtad  Sept.   15, 
after  IS  days. 

Alive  ana  well - 

Dead   Sept   5, 
after  8  days. 

Dead   Sept.   8, 
afler  11  days. 

Dead   Sept.   i. 

Numerous  pL-st  bacilli  in  smeam 
from  spleen. 

Typical      bulio.    No      organisms 
found  in  smears  from  spleen. 

do _„__. 

in  spleen. 
Numerous  pest  bacilli  in  smears 

from  spleen. 

Dead    Sept.    9, 
alter  IS  days. 

from  spleen. 

m54  — Inoetlal  o 


ith  Klein's  m^kod  in  ymneapigs. 


T\  e  1  boe  lungs  spleen  and  1  ver  containing  necrotic  foci  were  removed  from 
three  gu  ea  p  gs  which  1  ad  died  of  subacute  plague  infection.  The  organs  were 
finely  minced  spread  out  on  gla  s  n  th  n  layers  over  sulphuric  acid  and  dried  at 
from  46"  to  4  o  C,  for  four  days  and  at  45°  C.  for  two  days  longer.  The  dried 
n  ater  al  was  tl  en  rubbid  p  n  a  nortar  with  saline  solution,  the  fluid  portion 
be    g  deeinted  off  fron   the  sed  n  etit      h  ch  did  not  dissolve. 

taeh  an  n  al  f  the  se  es  rece  \ed  subtutaneously  2  cubic  centimeters  of  this 
BUSpwis  on  equal  to  about  25  n  !1  grams  of  the  powder.  In  two  of  the  animals, 
numbered  28''2  and  SS"?  large  slougl  s  of  the  skin  followed  the  inoculation.  On 
November  26  about  o  e  month  after  tie  njection,  the  immunity  of  the  animals 
was  tested  with  the  strain     Pest  ^  rulent"  in  exactly  the  same  manner  as  was 
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'•BailBs  54— tJoiitinueU. 

tint  of  tilt  uTiiiiiaK  Ljoiprising  Series  4(i,  47,  nnii  50  ([ip.  21),  220  uiul  H)7 ) . 
T«pnt\  fiif  control  .iiiiinal-  niiniiiera  2870  to  28!»4,  ivwe  also  inocnlnted  at  the 
Hime  tiiiip  and  in  the  same  mannei  All  siiecunibed  from  acut*  plague  infection, 
tor  tile  details  of  the  proti>coH  lee  Seiies  46. 


J822 

InucuUted 

October  Bubtu 

laneouBlj 

plague    or 
gana 

do 

Befnoi  ulated 

Result. 

Aulupsj  and  rem 

.- 

B    ocfieli    -URp*n 
slon    Peat  VI  ru 
lint        rubbed 
o>c.rabdonnn 

°~""""~ 

Typical  bubo, 
bacilli  in  spleei 

.    Do. 

Dead  Dec.  .■),  after  9  dB)a_„ 

Series  5b  — Inoci'luhona  by  Klein's  method  in  guinea  pigs. 

The  buboea  lungs  spleen  and  hier  containing  neerotie  foci  were  remoied  from 
three  guinea  pig3  numbered  3017  3018  and 'i02'i  whieh  had  died  of  plague  infection 
and  were  used  for  the  minufacture  of  the  prophj  lactic  emplojed  in  tlieae  etperi 
ments  The  prophylactic  «»s  prepared  after  the  method  nf  Klein  aa  described  in 
Series  54  (p  232)  Each  animal  receiied  2  cubic  tentimeters  of  the  suspension 
In  three  of  the  animaU  sloughs  of  the  skin  folloned  the  inoculations  About  one 
montli  after  the  inoculations  the  immunity  of  the  animals  was  tested  bj  rubbing 
5  oesen  of  a  suspension  of  Peat  Virulent'  (ont  48  hour  agar  slant  culture  from 
guinea  pig  number  3100  second  transplant  in  5  cubic  centimeters  bouillon)  over 
1  shaved  area  on  the  abdomen  Three  control  animals  inoculated  in  the  same 
manner  and  at  the  same  time  all  succumbed  to  pest  injection 


Animal 
No 

-S.-g'SK" 

5  oeaen  suspenblon    Peat 
Virulent    rubbed  over 
abdomen 

do 
do 

.^■u 

s 

am 

KM7 

"cc  ?u«pen?ioi  dried 
plague  aggresEln 

do 
do 
do 
do 

Dead  Mar  20,  after  8  days 

Pe-t 

Dead  Mar  17,  after5days__ 
Dead  Mar  16,  after*  daye.. 

Dead  Mar  18.  after  6  days.. 

CONTROLS 

8052 
SOM 

Virulent"  rubbed  over 
abdomen. 

DeadMar.  17,afler5day8._ 

Pest. 

Do. 
Do. 

Dead  Mar.  IS,  after  4  dm;s.. 
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STRONC. 
OF  IMMUNITY  AFTER  VACCINATION. 


Sbribs  55. — DfmvnslTating  dtiratiim  0/  in 


n,tyir. 


inkeya  nfier  vacdnalmn. 


The  animals  compriBing  this  series  were  vaooinated  with  the  straina  "Pest 
AviruJeiit"  and  "Maassen  Alt"  at  different  times,  aa  may  be  seen  from  the  table 
below.  From  nine  to  ten  months  after  the  vaccination  they  were  all  collected 
and  on  Novembpr  12  reinfected  by  the  inoculation  of  i  oese  of  the  strain  "Pest 
Virulent"  (from  guinea  pig  2704,  second  transplant]. 


Animal 

v™- 

Reinoculaled 

«-■•■ 

Autopsy  and  rtmarks. 

2B44 
2819 

Jan.  12 

Jan.   Ifl 
Jan.  IS 

Jftn.  27 

i  oese  "PtEl 

do 

- do 

- — do 

do 

Dead  Nov,  19,  after  7  days- 

from  spleen. 

Numerous  pest  bacilli  in  smears 
irom  spleen. 

Few    sxoli™    pest    bacilli    in 
smears  from  spleen. 

pest  bacilli, 

from  spl«n. 

Dead  Not.  16,  aH«r  4  days- 

Dead  Nov,  20,  after  8  days.. 
Dead  Deo.  1,  alter  19d«ya.. 
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VII.  SUMMARY  OF  THE  RKSULTS  OF  THE  ANIMAL 

EXPERIMENTS  IN  IMMUNIZATION  BY 

THE  DIFFERENT  METHODS. 

It  will  be  seen  from  a  study  of  the  different  series  of  experiments 
described  on  pages  187  to  S34  that  in  many  instances  the  results  in 
immunization  obtained  by  the  same  method  of  inoculation  show  con- 
siderable variation.  This  is  particularly  so  in  the  series  of  monkeys 
inoculated  in  the  early  part  of  the  work  where  the  immunity  of  the 
animals  in  the  different  series  was  tested  with  varying  amounts  of 
the  virulent  pest  organism.  However,  many  dilficulties  .were  also  en- 
countered in  the  series  in  which  the  experiments  were  performed  later. 
In  the  beginning  of  this  article  and  in  the  records  of  some  of  the 
experiments,  attention  was  called  to  thp  fact  that  the  lethal  dose  for 
the  species  of  monkeys  emploied  \arit,d  con'.idLrabh  In  some  instances 
over  fifty  times  the  lethal  do^e  for  one  animal  will  not  cause  the  death 
of  another  of  about  the  s&m&  ^ize  For  thi''  reason  and  because  occa- 
sionally, in  the  earlier  pTpenments,  a  control  animal  did  not  succumb 
to  pest  infection,  a  very  large  multiple  of  the.  lethal  dose  for  the  average 
monkey  was  finally  employed;  therefore,  the  percentage  of  these  animals 
immunized  was  not  as  high  as  it  might  otherwise  have  been.  It  is  undoubt- 
edly for  this  reason  that  so  low  a  percentage  of  the  monkeys  which  had 
previously  been  inoculated  with  killed  cultures  of  the  pest  organism 
subsequently  resisted  the  infection.  On  the  other  hand,  in  my  experi- 
ments with  guinea  pigs  inoculated  with  killed  cultures,  the  percentage 
of  immunity  obtained  was  as  high  as  or  higher  than  that  frequently 
encountered  by  other  authors. 

Owing  to  this  great  individual  variation  in  the  susceptibility  of 
different  monkeys  to  pest  infection,  a  fact  discovered  during  the  course 
of  the  inoculations,  these  animals  did  not  prove  to  be  as  suitable  as 
guinea  pigs  for  the  comparison  of  the  value  of  the  different  methods. 
However,  on  the  other  hand,  as  has  been  mentioned  above,  the  behavior 
of  the  monkey  in  relation  to  its  resistance  and  immunity  to  pest 
inEection  probably  much  more  closely  resembles  that  encountered  in  man. 

It  is  obvious  that  the  series  of  inoculations  which  have  been  described 
are  not  selected  as  ideal  ones.  The  entire  number  performed  in  relation 
to  immunization  by  the  different  methods  has  been  recorded  in  the 
order  in  which  the  experiments  were  carried  on,  the  unfavorable  as 
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well  as  the  favorable  results  being  detailed.  By  no  method  was  it  possible 
by  the  empIoyiiieHt  of  a  single  inoculation  and  a  fixed  dose,  thoroughly 
to  protect  all  of  the  animals  of  a  series  against  infection.  In  fact 
a  single  vaccination  of  a  number  of  animals  of  the  series,  even  though 
the  dose  was  so  large  as  to  cause  the  death  of  some  of  them,  would  not 
usually  render  thoroughly  immune  more  than  76  to  80  per  cent  of 
the  remainder.     (See  experiments  with  the  strain  "Maassen  Alt.") 

In  spite  of  variations  in  the  results  of  immunization  sometimes 
obtained  in  the  different  series  by  the  same  method  of  inoculation, 
nevertheless,  an  examination  of  the  experiments  demonstrates  conclusively 
and  beyond  any  doubt  the  great  value  of  vaccination  against  plague 
infection  and  its  evident  superiority  to  the  other  methods  of  immu- 
nization. No  doubt  of  this  fact  is  left  after  a  study  of  the  combined 
table  of  inoculations  on  page  238  where  a  comparison  of  the  value  of 
the  different  methods  may  he  made  at  a  glance. 

In  relation  to  the  time  which  the  immunity  takes  to  develop  and 
the  time  which  it  persists  after  vaccination,  it  may  be  stated  that  in 
three  instances  attempts  were  made  to  infect  monkeys  numbored  1581, 
1593  and  1626  which  had  been  vaccinated  only  six  days  previously.  All 
of  these  animals  remained  alive  and  well.  Nine  monkeys,  numbered  2843 
to  3850  (see  Series  55,  p.  334),  which  had  been  vaccinated  with  the  strain 
"Pest  Avirulent"  or  "Maassen  Alt"  between  nine  and  ten  months  pre- 
viously were  collected  and  their  immunity  tested  by  the  inoculation  of 
f  oese  of  the  strain  "Pest  Virulent;"  five  of  the  animals  succumbed  and 
four  (44  per  cent)  remained  alive.  In  connection  with  these  experiments 
it  must  be  emphasized  that  the  animals  during  the  entire  time  between 
the  vaccination  and  the  infection  (nine  to  ton  months)  had  been  in  close 
captivity  md  were  not  in  particularly  good  physical  condition  at  the  time 
they  weie  infeited  Moreover,  it  isob\ious  that  in  testing  their  immunity 
a  much  greater  amount  of  plague  bacilli  (^  oese  of  the  virulent  strain) 
was  employed  than  either  man  or  animals  would  ever  receive  from  a 
natural  plague  infection 

Prophylactic  inoculations  of  natural  aggressin  appear  to  be  nexf>  in 
value  to  vaci  inatwn  as  a  means  of  immunization  against  pest.  Inocula- 
tions with  artificial  plague  aggrcs-im  did  not,  in  my  experiments,  prove 
to  be  nearly  as  efficaciwuh  as  those  with  natural  aggressin.  A  much 
higher  immunity  wah  obtaincl  with  the  latter  prophylactic.  However, 
as  I  have  already  pointed  out  tlsctthere,"  there  was  apparently  no 
difference  in  the  quality  of  the  immunity  obtained  with  the  natural 

"This  Journal   (10091,  1,  512, 
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aggres'^in  from  that  produced  Iv  the  artificial  product  ani  my  '•lib 
sequent  experiments  a  did  my  earlier  one«  have  only  fi  rther  confirmed 
the  viewi  of  Wajssermann  and  Citron""  that  the  aggre^i  ns  mil  t  he 
ton^idertd  to  be  hypothetical  aubstances  and  that  so  far  as  their  imnui 
nizmg  value  is  onctrned  m  these  exudates  we  have  to  do  mainly  with 
tho  sustances  extracted  from  the  ba^-iUi  themselveh  Fvidentlv  in  the 
case  of  the  plague  bacillus  the  leceptors  of  the  organism  m  the  so-called 
aggressm  exudates  of  animals  become  lil  erated  m  a  more  effitient 
manner  tor  immunization  and  probabh  exist  m  a  less  altered  cond  tion 
than  they  do  m  the  aqueous  su--pens  on  of  the  bacilli  obtained  1  \ 
utiftcial  means  Obvinu  !i  m  natural  plague  aggres  m  no  other  immu 
nizmg  substances  are  e\i  tent  than  those  pre  ent  in  the  jroph^  lactic 
against  pest  recommended  b\  Term  and  Bandi  The  two  methods 
are  practicallj  i  lentical  as  Bandi  '  1  as  recently  pointed  out  However 
it  must  be  admitted  that  Bandi  d  d  not  originally  explain  the  principle 
af  the  action  of  his  j  rophylaLt  c  as  we  understand  its  action  to  daj  after 
a  study  of  the  subjects  f  fret  rectptors  and  of  aggret^sms  The  method 
of  inoculation  with  natural  plague  aggres=!m  is  not  1  kely  to  come  into 
general  use  because  of  the  great  difficulties  encountered  m  the  piepara 
tion  of  the  prophylactic  Moreover  m  my  experiments  I  have  not 
obtained  the  sitisfaitory  results  with  it  which  Hueppe  and  Kikuchi 
evidently  anticipated  The  method  of  vacrtnation,  as  already  mentioned, 
give*-  a  much  greater  degree  of  protection  Although  Klein's  method, 
areoiding  to  the  small  numbei  of  experiments  I  have  performed,  gives 
ibout  the  same  results  m  iminuni7ing  guinea  pigs  as  are  obtained  by  the 
moeuldtiona  with  nituril  ig^cssin  ^et  the  injection  of  the  former 
substance  as  prepared  in  mv  experiments  produced  a  much  greater  local 
reaction  than  the  latter  Therefore  I  could  not  ascertain  that  this 
method  had  any  particular  advantage  over  that  in  which  inoculations  of 
natural  aggressin  were  employed 

I  performed  no  experiments  with  Lustig's  plague  prophylactic,  partly 
because  of  the  poor  results  which  Kolle  and  Otto"'  encountered  in  their 
experiments  and  partly  because  the  results  which  have  been  obtained 
in  this  laboratory  by  the  use  of  this  method  in  extracting  the  immunizing 
substances  from  the  cholei-i  spirillum  have  not  been  encouraging  for.  its  , 
further  use  other  methods  of  extraction  of  these  substances  from  the 
bacilli  having  m  my  opinion  given  more  satisfactory  results. 

"Deutsche  Med.  Wcknsckr.  (1905),  31,  1101. 

"G<m,trbl.  f.  BakleHoi.   (1906),  42,  448.  * 

^' ZUehT.  f.  Hyg.  «.  Infeetionakrankh.,  Leipz.   (1!)03],  45,  517. 


Hosted  by 


Google 


238  STRONG. 

Oomimed  UMe  comparing  effieienci)  of  different  methods  of 
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VITT.  THR  FORMATION  OF  AGGLUTININS  IN  PLAGUE 
IMMUNE    SEBUM. 

After  liaving  concluded  from  the  experiments  recited  above  that  true 
plague  vaccination  (inoculation  with  living,  attenuated  cultures)  produced 
the  highest  immunity,  inoculations  were  made  in  human  beings  with 
the  strain  "Pest  Avirulent,"  In  order  to  ascertain  if  any  evidences  of 
immunity  could  be  demonstrated  in  the  inoculated,  their  blood  was 
tested  for  the  presence  of  agglutinin-.,  anti-infectious  tubstances  and 
opsonins  Ihis  bd  me  to  investigate  m  detail  whether,  and  if  so,  to 
whit  extt,nt,  these  same  mti  bodies  existed  in  the  blood  sera  of  inimals 
which  haVi  been  immunised  against  plague  intection 

AOGLUTIN  iTION  OF  THE  PEST  BVCILLDS 

Wysiokowitz  and  Zabolotny "  and  the  German  Ploffue  rommii'ion  railed 
attention  to  t)iL  fact  that  the  blood  s^rum  of  persons  ^tho  had  suffered  an  attack 
Lf  plague  sometimes  showed  a  utak  agglutinating  action  against  the  pest  bieillus 
Tlie  German  Plague  Commif^uon  further  emphasized  that  under  these  circum 
stanees  the  reaction  wis  not  ilwajs  present  and  that  its  occurrence  bore  no 
relation  to  the  leieritv  of  the  diwase  since  m  the  most  severe  caw  which  they 
examined  it  was  absent  while  in  a  mild  ease  of  plague  the  strongest  positive 
reaction  »aa  obtained  They  studied  the  sera  of  two  peisoni  who  about  three 
weeks  before  had  been  vaccinated  against  pest  by  Haffkme  but  found  no  tiaee 
of  in  igglutiniting  reattion  Ihei  also  examined  tour  different  peat  immune 
sera  produced  in  hoiaes  and  in  three  found  practically  no  agglutinative  action  or 
only  traces  of  it  but  one  of  the  sera  showed  a  suggestion  of  a  reaction  above 
the  dilution  of  I  to  20  A  goat  which  recened  four  injections  of  killed  cultures 
of  the  pest  bieillus  siv  cultures  being  finally  injected,  waa  killed  about  one  week 
after  the  final  inOLulation  Its  blood  serum  then  showed  a  strong  agglutinative 
action  in  a  dilution  of  1  to  30  The  commission  conclude  that  in  plague  infection 
the  agglutinatitn  is  not  it  all  parallel  with  the  protective  and  immunizing  power 
of  the  serum  Pest  Bi.ra  uhich  showed  a  strong  agglutinating  reaition  in  the 
animil  body  proved  to  be  entirely  inaetiie  against  pest  infection  and  i  ice  verso 

Zabolotnj  "  also  found  that  the  agglutinative  action  of  the  blood  serum  of 
those  who  had  suffered  with  pest  waa  verj  inconstant  In  some  cases  which  had 
been  inneulated  with  Haflkine  s  prophylactic  he  found  a  weak  agglutinative  power 
which  however  waa  not  so  marked  as  m  cases  which  had  reeoveteil  from  a  natural 
attack  of  the  disease 

Vagedes  "  investigated  the  agglutinatue  action  of  the  sera  of  thirteen  persons 
«ho  had  suffered  with  pest   in   Oporto      In  only  two  cases   was  a  very   weak 

"Ann.  d.  I'mst.  Paslevr  (18971,  11,  602, 
"Arch.  d.  Set.  Bioioffigucs   (1901),  3,  85. 

"■Klin.  Jahrhch.  (1900),  7,  S37,  and  Arb.  a.  4.  K  Osndktsamte  Berl.  (1900), 
17,  181. 
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positive  leault  obtained  Tiia  blord  seiuin  wis  ((Decloi  f  r<  m  one  to  four  iiiLiitha 
after  the  b^iuiing  of  the  illness 

Uria.t^"  in  a  atiidj  of  fpideniica  of  pest  in  Paraguay  Rosaiio  and  Buenos 
AyrcB  found  that  the  aero  agglutination  of  the  pest  organism  oceurted  m  cases 
of  plague  only  late  in  the  cour^  of  the  disease  and  then  very  ii  regularly  It 
failed  actually  in  more  tlian  300  cases  which  from  a  bictenol  ]gical  and  clinical 
standpoint  were  certainly  those  of  pest 

On  the  otiier  hand  Faltauf "  MarkI "  and  Kolle  and  I^fartini "  sliowed  tliat 
a  specific  agglutination  of  the  organi'im  occuned  m  various  dilutions  with  pest 
immune  sera  produced  m  horses  and  other  animals  by  repeated  injections  of  the 
plague  bacillus  Paltauf  found  that  in  horses  immunized  by  repeated  inoculations 
a  reaction  occurred  in  dilutions  of  1  to  20  A  distinct  a^lutination  occurred 
within  one  hour  m  dilutions  of  1  to  100  with  the  sera  with  vtliich  MarkI  worked 
Kolle  and  Martini  with  less  MTulent  cultures  of  the  peat  bacillus  obtained  a 
reaction  within  one  hour  in  dilutions  of  1  to  1  000  to  1  to  6  000  Kolle  and 
Otto"  in  the  study  uf  two  pest  immune  sera  found  that  agglutination  ocmired 
within  hfteen  minutea  in  as  high  dilutions  as  1  to  400  Klein"  aUo  reported 
that  the  bio  id  of  vaccinated  guinea  pigs  showed  an  agglutinative  value  in  dilu 
tifns  of  1  t«  20  or  1  to  30   the  reaction  occurring  in  fifteen  minutes 

The  German  Plague  Commission  and  Kossel  and  Oveibeck "  emphasized  the 
difticulty  or  imjiossibility  of  securing  a  aiispension  of  the  fieshlv  giown  pest 
bacillus  which  microscopicallj  wa«  free  from  clumps  of  tlie  organism  and  there- 
fore they  recommended  that  the  teat  should  be  made  niaLioscopicallj  in  the  test 
tube  and  the  reaction  observed  with  the  assistance  of  a  hand  lens  The  time 
leeommended  for  the  obaeiiatiun  of  the  test  \(as  Irom  one  half  to  one  hour  the 
suspension  being  placed  in  the  incubator  at  37°  C  for  this  period  Ho»e\er  Kolle 
and  Martini  recommended  that  the  reaction  be  mted  after  five  minuter  since 
in  their  experience  spontaneous  precipitation  of  the  bacteria  sometm  es  occurred 
afl«r  one  hour 

Klein  "  pointed  out  that  cultures  u!  the  pest  bacillus  on  agar  possess  a  sticky 
Mscid  growth  lue  to  the  production  of  a  gelatinou'^  mtirstitial  substance  which 
IS  insoluble  m  bouillon  He  therefore  recommended  physiological  salt  solution 
as  a  medium  for  i  reparing  the  suspension  He  also  found  that  the  addition  of 
bouillon  to  a  saline  suspension  of  the  pest  oiganiam  caused  clumping  of  the 
bacteria 

Gauthier  and  Raybaud  "  found  that  j.  retipitation  of  the  bacteria  also  frequentlj 
occurred  with  plague  cultures  grown  (n  gelatine  and  suspended  in  saJint  solution 
and  that  after  two  hours  a  spontaneius  flocculent  sedimentation  which  resembled 
true  agglutination  was  apt  to  form 

In  my  studies  of  the  aggiluti nation  of  the  pest  bacillua,  I  ha^e  fre 
quently  found  the  ^mn  diifiLultv  in  'securing  complete  suipen-iions  of 
the  organisms  owing  to  their  sticks    \isLid  growth,  eien  when  saline 

"Mitt   a   d   sdction  f   Hyg   d   Kongresa  dea   4ss    francaise  poui   lavaneement 
des  aci   tenu  Grenoble  1104    irch   f    ^cftiffs  u    Trup    Hyg    (lOO^)    9    tl 
"IPi^tt  Kbn   Wchnsoh    (1897)    10,537 
"Gentrhl.  f.  Bakteriol.  (I90I),  29,  810. 
"Deutsche  med.  Wohnach.   (1902),  28,  46. 
"ZUohr.  f.  Byg.  u.  Infectionskrankh.  Leipz.   (1902),  40,  fl95. 
••Arb.  a.  d.  k.  Ogndhtsamte,  Berl.   |]902),  18,  114. 
"Lofiaet  (1901),  1,  45fi,  lfi35. 
"  Ibid. 
-Compt.  rend.  8oc.  de  UoL,  Far.  (1904),  56,  391, 
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solution  lias  been  nsed.     The  method  employed  in  making  these  .suspen- 
sions has  been  as  follows  : 

One  cubio  centimeter  of  an  0.85  per  cent  saline  solution  has  been  placed  in  a 
amalltest  tnbe  and  I  oese  of  a  24-or  4S-bour  agar  culture  of  the  organism  has 
been  introduced  into  the  tube,  thoroughly  rubbed  up  against  the  walls  by  meana 
of  tlie  oese  and  the  bacteria  gradually  moistened  with  the  saline  solution.  While 
the  suspensions  obtained  with  some  pest  cultures  in  this  manner  are  sntiafactury, 
a  complete  suspension  of  the  organism  can  not  be  produced  with  others  and  it 
is  necessary  to  combine  the  suspensions  and  either  fllt«r  or  allow  them  to  stand 
until  the  lai^r  clumps  of  bacteria  )iave  settled  to  the  bottom  of  the  tube,  when 
the  supernatant  fluid  may  be  drawn  off  with  a  pipette. 

However,  while  satisfactory  suspensions  are  apparently  obtained  by 
these  methods,  the  greatest  difficulty  is  experienced  with  certain  cnltures 
of  this  organism  in  keeping  the  bacteria  in  suspension  for  a  longer 
period  than,  at  most,  one  or  two  hours.  After  this  time  the  organisms 
begin  to  precipitate  and  sometimes  at  the  end  of  two  or  three  hours 
the  bacteria  may  have  settled  almost  entirely  to  the  bottom  of  the  tube, 
the  supernatant  fluid  above  appearing  almost  clear.  This  phenomoion 
is  particularly  marked  with  the  much  attenuated  plague  cultures. 

I  have  followed  the  suggestion  of  Shibayama '"  of  growing  the  bacillus 
in  the  ice  box  at  a  temperature  of  from  5°  to  8°  0.,  with  the  object 
of  obtaining  a  less  sticky  and  viscid  growth  of  the  pest  bacillus  and 
thus  securing  a  more  satisfactory  suspension  of  the  organism  in  saline 
solution.  However,  while  I  have  found  that  with  cultures  which  have 
grown  for  a  number  of  generations  at  such  a  temperature  a  much  less 
viscid  growth  apparently  is  obtained  and  one  which  may  easily  be 
suspended  in  the  saline  solution,  on  the  other  hand  the  bacteria  so 
grown,  become  spontaneously  precipitated  from  the  saline  suspensions 
in  a  much  shorter  time  than  do  the  organisms  of  the  same  strain  grown 
at  a  temperature  of  30°  C.  I  have  also  found  that  the  a^ldition  of 
normal  serum  to  suspensions  of  the  pest  bacilli  in  saline  solution  some- 
times retards  and  sometimes  increases  the  tendency  of  the  bacteria  to 
settle  out  of  the  fluid.  For  these  reasons  pseudo-reactions  are  not 
infrequently  encountered  in  performing  agglutination  tests  with  the 
plague  bacillus,  and  great  care  is  sometimes  necessary  to  distinguish  such 
reactions  from  those  of  true  agglutination.  Therefore,  it  is  advisable 
to  perform  in  duplicate  all  tests  for  agglutination  with  the  different 
dilutions  of  the  serum  and  at  the  same  time  to  carry  on  a  parallel  series 
of  experiments  in  the  same  dilutions  with  a  normal  serum  from  an 
animal  of  the  same  species  and,  moreover,  to  repeat  all  the  tests  with 
another  transplant  of  the  same  culture  upon  the  following  day.  Only 
by  taking  these  precautions  is  it  possible  to  distinguish  certain  pseado- 
aggluti nations  of  the  pest  bacillus  from  true  ones.     When  testing  the 

"Cetitrbl.  f.  Bakteriol.  Orig.   (1905),  38,  482. 
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agglutinative  reaction  of  supposed  plague  immune  sera,  I  have  occa- 
sionally encountered  pseudo-agglutinative  reactions  in  the  control  tubes 
containing  normal  serum  and  suspensions  of  plague  bacilli,  which 
could  not  be  distinguished  from  those  of  true  agglutination.  In  the 
tubes  in  some  instances  were  seen  typical,  flocculent  precipitates,  visible 
to  the  naked  oj'e  and  which  settled  to  the  bottom,  leaving  the  overlying 
liquid  clear.  Such  reactions  occurred  at  the  same  time  in  the  same 
dilutions  of  the  immune  serum  which  was  being  tested,  but  not  in 
the  test  tubes  containing  the  suspensions  of  bacilli  alone,  and  hence 
if  the  control  tubes  with  normal  serum  had  not  been  prepared,  the 
reactions  unquestionably  would  liaie  been  conailered  as  true  agglutmative 
ones  which  they  certainly  were  not  It  is  true  that  the  precipitation 
obtained  in  these  instances  di'-appeared  to  i  grtdtti  or  less  Lxtcnt  on 
shaking  the  tube  and  it  then  re-formed  sljwiy  but  notw  thstanding 
statements  m  the  literature  to  the  contrary  the  name  phenomenon 
(disappearance  cf  the  prctipitation  on  shaking)  occurs  m  the  true  agglu 
t  nation  not  onlv  of  plague  but  also  of  cholera  ind  certain  other  micro 
organisms 

From  what  has  been  aaid  aboie  it  is  evident  th^t  the  time  limit  for 
tht  completion  of  the  agglutinative  reaition  of  the  plague  bacilhis  i«  vir^ 
important  Mo^t  observers  have  limited  the  time  af  the  reaction  to 
withm  two  hours  However  Shibayama""  who  concluded  that  72  hnir 
cultures  of  tht  plague  bacillus  cultivated  m  the  ice  bo\  arc  agglu 
tmatmed  m  much  hij^her  dilutions  than  are  the  same  '^train'i  grown 
at  32°  to  37°  C  drew  hit  onclu&ions  from  an  examination  of  the 
reaction  liter  twenty  four  hours  In  this  connection  1  here  shall  record 
some  retcnt  experiments  performed  with  two  sera  jbtamel  from  nionkcjs 
which  had  been  immunized  agamst  plague  and  with  one  serum  from,  a 
normal  monkey  The  agglutinative  ^alue^  of  these  three  sera  were  testetl 
m  dilutions  of  1  to  10  and  1  to  ^0  ftrst  with  72-hour  (ulture&  of  a 
virulent  pest  strain  whuh  had  been  cultivated  for  six  generations  m 
the  ice  box  at  a  temperature  of  from  5"  to  10°  L  md  sicond  with 
48  hour  cultures  of  the  same  stiam  cultivated  for  the  same  number 
of  generation's  it  30°  L  Ihe  readings  of  the  reactions  were  made  after 
one  and  one-hilf  hours  and  were  all  found  to  be  negative  no  traces 
of  agglutination  appearing  m  an\  of  the  tubes  After  sixteen  hours 
the  tubes  were  all  examined  again  \t  this  time  in  those  containing 
the  suspensions  which  were  made  with  the  bacteria  cuitnated  at  o°  to 
10°  C  there  was  almost  complete  precipitation  of  the  orgini-'ma,  the 
overlying  liquid  being  clear  m  ill,  including  the  control  tubes  with 
normal  serum  and  those  containing  suspensions  of  the  bacterii  m  saline 
solution  with  no  serum  is  well  as  the  tubes  with  the  immune  sera 
In  the  tubes  whuh  contained  the  serum  and  suspensions  of  the  jrganism" 
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cultivated  at  30°  C.  there  was  almost  no  precipitation  of  the  hact«ria, 
the  fluid  still  being  cloudy.  My  experience  has  led  me  to  conclude 
that  the  time  limit  of  the  agglutinative  reaction  with  the  plague  hacillus 
should  be  placed  at  certainly  not  over  one  or  two  hours  at  37°  C. 
at  the  most,  since  after  this  time  the  results  may  be  very  inaccurate 
and  confusing  owing  to  the  tendency  of  the  hacteiia  to  become  spon- 
taneously precipitated. 

The  testing  of  serum  supposed  to  contain  relatively  small  amounts  of 
plague  agglutinins  has  been  very  unsatisfactory  where  it  was  neces- 
sary to  employ  concentrated  mixtures  of  the  serum,  for  example  in 
dilutions  of  0.5  or  0.25.  As  already  mentioned,  the  density  and  viscosity 
of  the  serum  in  these  dilutions  evidently  somewhat  retards  the  aggluti- 
nation of  the  pest  organism,  as  was  evident  from  the  fact  that  the  reaction 
occurred  in  some  of  the  experiments  in  the  higher  but  not  in  the  lower 
dilutions.  This  phenomenon  of  retardation  can  not  he  explained  on  the 
assumption  of  the  presence  of  agglutinoid,  since  it  was  noted  in  several 
instances  with  perfectly  fresh  sera.  It  may  sometimes  be  observed  in 
fresh,  specific  immune  sera  with  other  bacteria  and  must  be  ascribed  to 
physical  causes,  the  discussion  of  the  nature  of  which  will  not  be  entered 
into  here. 

I  have  concluded  from  a  large  number  of  experiments  that  the  agglu- 
tinins are  formed  slowly  and  only  in  very  small  amounts  in  animals 
which  are  being  immunized  against  pest  infection  and  that  they  only 
occur  in  demonstrable  quantities  in  those  which  have  been  very  highly  im- 
munized. At  most,  only  very  minute  traces  of  these  substances  are  encoun- 
tered after  single  inoculations  of  either  the  killed  or  the  living  organisms, 
no  matter  how  large  the  dose  which  is  employed.  I  am  convinced  that 
in  my  earlier  experiments  with  plague  agglutination  I  sometimes  mistook 
pseudo-agglutinations  of  the  pest  bacillus  for  true  ones,  and  from  a 
study  of  the  literature  it  seems  to  me  very  likely  that  other  observers 
have  also  erred  in  this  respect.  A  study  which  I  have  made  of  the  blood 
sera  of  guinea  pigs  which  have  been  vaccinated  against  pest  infection  and 
which  have  later  shown  themselves  to  be  immune  to  lethal  and  multiple 
lethal  doses  of  the  pest  hacillus  has  demonstrated  that  practically  no  traces 
of  agglutinins  exist  in  such  sera.  The  same  may  be  said  of  the  sera  of 
other  animals  immunized  in  a  similar  manner.  Monkeys  which  have  first 
been  vaccinated  with  attenuated  pest  cultures  or  inoculated  with  killed 
cultures,  and  which  have  afterwards  been  shown  to  be  immune  to  pest 
infection  by  the  injection  in  increasing  doses  of  from  i  oese  to  nearly 
1  entire  agar  slant  culture  of  the  living  virulent  strain,  still  have 
developed  in  their  sera  practically  no  traces  of  agglutinins.  Indeed  it  is 
very  difficult  to  immunize  monkeys  to  such  a  high  degree  that  the 
blood  of  the  animals  shows  the  presence  of  plague  agglutinins.  In  a 
series  compnsing  twelve  monkeys   (numbers  133S,  1233,  1239,  1240, 
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1247,  1386,  ISSr,  1300  1301  1^02  1^57  1J58)  in  which  an  attempt 
was  made  gradually  ta  immunize  these  animals  with  the  strain  Ptst 
Virulent"  up  to  such  a  degree  that  these  anti  b  Jie=!  would  he  demon 
strable  in  their  blood  onU  two  were  al le  t(  sunive  the  imculrtiona 
when  the  immunization  hal  roa  heil  tl  l  print  n  whidi  the  agglutinins 
could  be  detected  even  m  small  amounto  (Numbers  1300  and  1357 
See  agglutination  eJipenment'*  p  Zib  )  1  lie  remaining  ten  an  mals 
succumbed  either  to  pest  infection  or  intoxication  a^  a  result  of  the 
injections,  before  agglutinins  ould  he  shown  to  xi  t  m  their  blood 
Moreover,  notwithstanding  the  fait  thit  from  i  tt  J  otse  of  this  strain 
"Pest  Virulent"  represented  a  certain  lethal  lose  for  normal  animals  of 
this  species  and  although  tliest,  monkeys  were  immunize  1  to  such  an 
extent  that  in  a  niimher  of  instances  thej  were  able  to  les  bt  and  siirvivi 
the  inoculations  of  such  large  amounts  as  6  to  8  oesen  of  this  organism 
(over  twelve  times  the  ina\]mum  fatal  dose)  agglutinins  were  sfill  not 
present  in  sufficient  quantities  to  be  demonstrable  m  their  blood 

Only  small  quantit  e=.  of  agglutinins  could  be  detected  m  the  e\am 
ination  of  several  peht  immune  sera  which  were  prcpired  from  horucs 
and  which  were  known  to  po'^seaS  m  two  msfanies  at  least,  considerable 
protective  (anti-infectious)  pmwer 

A  horse  which  was  being  immunized  against  pest  and  which  had 
acquired  a  sufficient  immunity  to  withstand  the  injection  of  nearly  10 
agar  cultures  of  a  virulent  pest  strain  gaie  a  serum  which  at  thia  tiint 
showed  an  agglutinative  reaction  in  dilutions  of  1  to  10  but  n  ne  abo^e 
this  strength.  However  at  the  same  titne  1  culic  centimeter  )1  this 
serum  protected  from  fatal  pest  infection  about  bO  per  cent  of  the  white 
rate  inoculated.  (See  Series  45)  p  284  A  pest  immune  serum 
obtained  from  Asia,  which  protected  about  ""Z  per  cent  of  the  mocuhted 
rats  against  fatal  pest  infection  in  doses  ot  from  1  to  3  cubic  centimeters 
(see  Series  8,  10,  and  30  pp  274  and  281)  ^^hen  carefull)  teste  1 
with  the  virulent  pest  utram  showed  no  agglutinative  reaction  after  three 
hours.  However,  it  must  be  stated  that  at  the  time  ifcs  anfi  nfectioiis 
and  agglutinative  reactions  were  tested  this  serum  hal  been  bottle  1 
for  about  a  3'ear.  A  second  pest  serum  purchased  from  Asia  which 
showed  a  somewhat  Irwer  pi  elective  power  (i=ee  Series  2"  p  383)  also 
revealed  no  agglutination  when  tested  with  the  strain  Pest  Avirulent 
This  serum  had  been  bottled  about  nine  months.  Moreover,  a  laboratory 
immune  serum  which  possessed  a  higher  anti -infectious  power  and  which 
protected  about  90  per  cent  of  the  inoculated  white  rats  against  plague 
infection  (see  Series  53,  p.  386)  in  doses  of  1  cubic  centimeter  also 
showed  almost  no  agglutinative  reaction  against  the  virulent  strain  giving 
only  a  weak  reaction  in  a  dilution  of  1  to  10. 

The  following  selected  experiments  justify  the  preceding  remarks  upon 
agglutination.     Experiments  performed  with  a  number  of  animals  less 
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highly  immunised  end  in  whicli  the  blood  also  showed  no  agglutination 
will  not  be  given.  The  reactions  were  all  performed  with  the  virulent 
strain,  excopting  in  a  few  instances  when  it  is  so  stated,  and  by  the 
macroscopic  inetliod.  One  oesc  of  the  bacteria  was  suspended  in  1  cubic 
centimeter,  0.85  per  cent  saline  solution  and  1  cubic  centimeter  of  the 
serum  to  be  tested,  tliluted  with  saline  Bolution,  was  added  to  the  suspen- 
sion. It  is  pcrliaps  unnecessary  to  state  that  the  microscopic  method  of 
observing  agglutination  with  the  plague  bacillus  is  entirely  untrustworthy. 

DETAILS   OF   THE   EXPERIMENTS. 

Monkey  number  12S1. — Vaccinated  October  10  with  1  culture  "Peat  Avinilent." 
Reinoculnted  October  20  by  tlirtiHting  beneath  the  skin  e.  6  cubic  centimeter 
syringe  needle  wliich  tiad  been  dipped  in  a  suspension  of  "Pest  Virulent."  On 
October  28,  1  oese  "Pest  Virulent"  was  inoculated  aubcutaneouaJy  on  November  IG 
the  animal  was  killed,  and  t)ie  agglutination  of  the  serum  tested  m  dilutions 
1;  2  and  1:  4;  two  controls  of  the  reactions  (of  the  bacterial  suspension  without 
serum)  were  performed.     All  were  negatiie  after  one  and  four  hourf 

Rabbit  number  1960. — May  II :  One  48  hour  slant  culture  of  Pest  Aiirulent 
in  1  cubic  centimeter  of  bouillon  was  injected  intravenously  The  agglutitiBtion 
was  tested  twelve  days  later  in  dilutions  of  1 .  20,  1 .  40,  1 .  80,  1 .  IbO,  1 .  320,  two 
controls  of  the  reaction  (of  the  iHieteiial  suspension  without  serum)  were 
prepared.  All  the  reactions  were  negative  after  one  and  three-fourths  hours. 
After  sixteen  hours,  pseudo -reactions  in  dilutions  of  1;  20  to  1;  60  were  observed, 
the  bacteria  being  precipitated  and  the  suspensions  appearing  clear;  the  two 
COTitrol  reactions  were  negative.  The  serum  was  again  tested  on  the  following 
day  in  dilutions  of  1 :  40,  1 ;  SO,  1 :  180,  with  two  controls.  The  reactions  were 
all  negative  after  one  hour.  After  sixteen  hours,  pseudo -reactions  in  the  dilution 
of  1 :  40  were  observed.  Three  days  later  the  serum  was  again  teated  in  diluticais 
of  1 :  5  and  I ;  10  and  two  controls  (without  serum ) .  The  results  were  negative 
after  one  and  one-half  hours.  After  sixteen  hours  pseudo-reactions  in  dilutions 
of  1:  5  and  1:  10  were  observed;  both  controls  were  negative. 

Normal  rabbit's  serum  was  tested  on  this  same  date  in  dilutions  of  1:5 
and  1 ;  10,  with  two  controls  of  the  bacterial  suspension.  All  were  negative  after 
one  and  one-half  hours.  After  aixteen  houra  paeudo-reaotiona  in  dilutions  of 
li  5  and  1:  10  were  observed;  both  controls  were  negative. 

Rabbit  number  196X. — ^May  12;  One  48-hour  culture  of  "Pest  Avirulent,"  sus- 
pended in  1  cubic  centimeter  of  bouillon,  was  injected  intravenously.  Twelve 
ilays  later  the  animal  was  killed  and  the  agglutination  tested  in  dilutions  of 
I:  20,  1:  40,  1:  80,  1;  160,  1:  320.  Three  controls  of  the  reactions  without  serum 
and  I  control  with  normal  rabbit  serum  in  a  dilution  of  1 :  30  were  performed. 
After  one  hour  pseudo- agglutination  was  observed  in  the  dilutions  of  1 :  20  and 
I;  40.  The  remaining  tubes  were  all  negative;  after  sixteen  hours  pseudo- 
reactions  took  place  in  dilutions  of  from  1 :  20  to  1 :  80.  The  same  serum  tested 
the  following  day  in  dilutions  of  1;  2  gave  no  agglutination  after  one  and  one-half 

Rabbit  number  19S3. — Inoculated  intravenously  with  5  cubic  centimeters  of 
HafTkine'a  prophylactic.  Five  days  after  the  inoculation  the  animal  was  kille<! 
and  the  agglutination  tested  in  dilutions  of  1:2  and  1 :  5,  with  two  controls. 
The  reaults  were  negative  after  two  and  sixteen  hours. 

Rabbit  number  i 365-— Inoculated  with  5  cubic  centimeters  of  Haffkine's  prophy- 
lactic intravenously.     Ten  days  later  the  animal  was  killed  and  the  a^lutination 
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ieeted  m  dilutions  of  1 ;  20,  1:40,  1:80,  1:160,  1:320;  three  controls  of  the 
bacterial  suspension  without  serum  and  two  controls  with  normal  serum  in  dilu- 
tions of  1;  10  and  1:40  were  prepared.  After  one  hour-  all  reactions  were 
negative;  after  eixteen  hours  precipitation  of  the  bacteria  occurred  in  dilutions 
of  1:  20  and  1:  40  and  in  the  normal  serum  in  dilutions  of  1:  10.  The  same 
serum  tested  the  following  day;  in  dilutions  of  1 ;  2,  gave  a  reaction  after  one  and 
one-half  hours, 

Rabbit  number  1967. — Two  cubic  centimeters  of  the  alltolyzed  product  obtained 
from  20  milligrams  of  the  strain  "Pest  Virulent"  were  injected  intravenously; 
the  animal  was  killed  ten  liaya  later  and  the  agglutination  in  dilution  of  1 :  2 
tested.     The  reaction  was  negative  after  one  and  one-half  hours. 

Sabbit  numbfr  1968. — Inoculated  in  the  same  manner 'as  number  1967  and  with 
the  same  results 

Monkey  numbir  1218. — Inoculated  suhrutaneously  October  19  with  1  agar 
culture  of  "Pest  Avirulent;"  on  October  ,t0  inoculated  subcutaneouslj  with  2 
oesen  of  '"Pest  Virulent."  On  November  17  the  animal  was  killed  and  the  agglu- 
tination tested  in  dilutions  of  1:2,  1:4,  with  two  controls  without  serum.  The 
reactions  were  all  negative  after  four  hours. 

Monkey  number  1285. — Inoculated  October  20  by  thrusting  beneath  the  skin 
a,  5  cubic  centimeter  syringe  needle  dipped  in  a  suspension  of  the  strain  "Pest 
Virulent;"  on  October  25  the  animal  was  reinoculated  with  2  oesen  of  "Pest 
Virulent;"  on  November  17  it  was  killed  and  tlie  agglutination  tested  in  dilutions 
of  1 :  2  and  1 :  4,  with  two  controls  of  the  bacteria]  suspension  without  serum. 
All  reactions  were  negative  after  two  hours. 

Monkey  number  1286. — October  20:  The  skin  over  the  abdomen  was  scarified 
and  a  suspension  of  "Pest  Virulent"  rubbed  over  this  area.  On  October  2.'),  I 
oese  of  "Pest  Virulent"  was  injected  subcutaneously ;  on  December  2,  J  of  an 
agar  slant  of  "Pest  Virulent"  was  given  subcutaneously;  on  December  14,  i  of 
an  agar  slant  of  "Pest  Virulent"  was  injected  subcutaneously;  on  December  Irt 
the  animal  died.  The  serum  was  tested  on  November  17  in  dilutions  of  1 :  2  and 
1 ;  4.     Both  were  negative  after  two  hours. 

Monkey  number  128^. — Inoculated  exactly  as  monkey  number  1286  up  to 
December  14;  the  animal  died  on  December  15,  the  day  after  the  last  inoculation, 
Tlie  serum  was  tested  on  the  following  day  in  dilutions  of  1 :  2  and  1:4;  the 
result  was  negative  after  two  hours. 

Monkey  number  1300. — October  25,  two  agar  slant  cultures  of  Peat  \viruleni 
injected  subcutaneously;  November  10,  J  oese  "Pest  Virulent  on  December  2 
2  oesen  of  "Pest  Virulent"  were  given;  on  December  14,  4  oesen  Pest  \irulent 
on  Fehruary  15,  one  48-liour  agar  slant  of  "Pest  Virulent"  and  on  February  27 
two  48-hour  agar  slants  "Pest  Virulent"  were  injected.  March  10  the  aggluti 
nation  was  tested  in  dilutions  of  1:  2  and  1:  10.  After  two  hours  there  was 
positive  agglutination  in  dilutions  of  1:2,  the  fluid  being  almost  entirely  clear 
A  slight  precipitation  of  the  bacteria  was  observed  in  the  dilution  of  1    10 

Monkey  number  1357. — -November  2,  infected  with  a  10  cubic  centimeter  syringe 
needle  dipped  in  a  suspension  of  "Pest  Virulent;"  on  December  2  4  of  an  -igar 
slant  of  "Pest  Virulent"  was  inoculated  subcutaneously;  on  Decemlier  14  i  of 
an  agar  slant  subcutaneously;  on  January  10,  1  agar  slant  of  Pe«t  \iru!ent 
on  February  I.  li  agar  slants  of  "Pest  Virulent;"  on  Februarv  27  2  igar  slants 
of  "Pest  Virulent;"  on  March  15,  3  agar  slants  of  "Pest  Virulent  Tlie  animal 
died  on  March  17.  The  agglutination  in  the  dilutions  of  1  5  was  positi\e  the 
fluid  being  clear  after  one  hour;  in  the  dilution  of  I:  10  there  wis  i  pooiti\e 
weak  reaction  after  four  hour.s. 

Monkey  number  SfiSit .^Inoculated  October  27.  One  48-hour  culture  of  htlhd 
"Pest  Virulent"  being  given  subcutaneously;  on  November  2S    reinoculated  with 
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3  oese  "Pest  Virulent;"  on  Deccmbe    28      tl   9      It     ea    f  k  lied    P    t  V 
subcutaneoualy.     On  January  10,  th  1     oa  k  lied      Tl       ggl  t      t 

in  dilutions  of  1 :  5,  1 :  10  and  1 :  20  w         11      g  t         ft      t       1 

MonJtcy  number  37:!0.— (Mob      29  ga        H  F    t  A        1     t 

aubeutaneously;  on  Noveniber  2S§oe        PtVltg  Iti 

on  December  29,  1  oese  of  "Pest  \       1     t    g  b     t  Ij  t  b 

the  animal   was   bled   and   the  t«  t  d   f       a^l  t      t  Tl      ie 

monkey  number  2660   (gee  above)        d     f  k  j        mbe    3053   ( 

were  also  both  tested  on  this  dat        tl   72  h  It  £    P    t  V 

in  the  ice  box  for  six  generation         d       tl        It  gr  f      tl 

of  time  and  for  the  aame  number    f  g  t  t  30     C 

The  results  obtained  are  as  follows; 


t    gr  w 
1    gtl 


Table  No.  I.—Seramofiian 
grown  for 


ne  monkeij  number  S666^AgglutmatUm 
V  generations  in  ice  fwj.'  and  at  So"  C. 


GROWN  m  ICEBOX, 

! 

Dilutions. 

After  1,  hours. 

*>,.„.  h..-. 

I  Control, 

(Jeitatiye 

Heavy  precipitate.    Fluid  cleat. 
Do. 

GROWN  AT  30"  C,                                                j 

1:20 

Ne     tive 

Negative.     Fluid     not     clear, 
tically  110  precipitate. 
Do. 

Do. 

Prae- 

(cont^. 

I. — Seram  of  immune  laonkeg  number  S7S0 — Aggluiinatitiii  kuts  wUh  cultures 
^own/or  nx  generations  in  ice  box  and  at  30°  C. 


GROWN  IN  ICE  BOX. 

DUutions. 

Alter  U  hours. 

After  IS  honra. 

\'Z 

Negattve 

Heavy  preeipitat*.    Fluid  almost  cliiar. 
Heavy  precipitate.    Fluid  clear. 

Do. 

Do. 

IControl. 

-«" 

GROWN  AT  3(PC. 

{control. 

Negative  _ 

alight  precipitate.    Fluid  not  clear. 
Negative. 

Do. 



do..._ 
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Table  No.  HI, ^-Normal  semm  of  monkey  nainber  S053 — Aggliilinalian  te«ls  mth 
citllures  grovm/or  dx  genemtioim  in  ice  box  and  at  30°  C. 


GROWN  IN  ICE  BOX. 

A  Her  IJ 

.our.     1 

16hoa.. 

'iZ 

Negative 

.-„-, 

Heavy  procipilal 
Do, 

"""" 

'"■"'■ 

IControl. 

__...do___ 

GEOWNATSO-0. 

;:» 

NegaUve 

Slight  precipitalG 
Do. 

"""°" 

"' 

Guinea  pig  number  3031, — Inoculated  subcntaneoualy  January  29  with  one-lialf 
24-liour  culture  of  "Pest  Virulent"  partially  attenuated.  The  animal  died 
February  11,  thirteen  days  after  its  inoculation,  of  advanced  pest  pneumonia  and 
pest  bubo.  A^lutinaUve  values  of  the  serum  of  this  animal  and  of  the  serum  of  a 
'normal  guinea  pig  (number  3053)  were  tested  in  dilutions  of  1 :  5  and  1:  10;  the 
reactions  were  negative  after  two  houia.  After  three  hours,  a  moderate  precipi- 
tation occurred  in  all  of  the  tubes;  quite  as  marked  in  those  without  serum  as 
in  the  tubes  with  normal  serum  and  in  those  of  the  pest  guinea  pig  serum. 

Guinea  pig  number  2636. — October  26.  one  culture  of  "Peat  Avirulent"  given 
subcutaneously. 

Ouinea  pig  number  26iS. — October  28,  one  culture  "Pest  Maassen  Alt"  given 
subcutaneously.  On  November  26  both  animals  were  reinoculatPd  cvtaneoushj 
with  5  oesen  of  a  suspension  of  "Peaf  Virulent;"  on  .January  17  they  were 
reinoculated  cutaneously  with  a  portion  of  the  spleen  of  a  guinea  pig  (number 
2993)  which  had  just  died  of  pest;  the  abdomen  being  deeply  scarified.  On 
February  7,  both  animals  were  killed  and  the  ajjgluti nation  of  their  sera,  together 
with  normal  guinea  pig  serum  (number  31153) .  tested  in  dilutions  of  I ;  2  and  1 :  4. 
The  reactions  were  all  ntgative  after  one  hour-  after  sixteen  hours  i  precipitation 
f  th    ba  te  1       11    f  tl     t  bes  1 

P  h  crftfter/phsedt  A  Thsem 

dose       fit  b  ttepttdg        tftalpetft  bot 

72   p       ce  t     f  tl         ts  I  ted      (See   S  8    10         d  20    pp    274    276 

d    281  )     Tl         ggl   t      t         w        tested    w  tl     th       t  P    t    V  n  Irait 

(  ec     d  t        pi     t)        d  1  t  f  I    2    1    5    I    10    1    20  t    1    w  tl  1 

Isese  dlt  fl         1^1    10       dt       cot]        thi  It 


w  tl      I 
gat 


ft 


tee     h 


I     Aftei 
t  t 


tl 


1       tl 


II   tl  t 

i      ty    ftl 


gel  tn. 


t    ted       tl    tl    I 
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Table  No.  IV. — Foreign  Serum  Number  II  and  normn/  mmikey  terwm — Aggiiiimation 


FOREION  SERUM  NUMBER  U,                                                        j 

ri>a«ons. 

tt,V 

After  li 

A«er2  hours. 

Alter  .1  hours. 

A  virulent 

I:lO 

NegaUve . 

Slight  pte- 
clpllate. 

cIpiMlC. 

entiielT  clear. 

oleored. 
Negative. 
Heavy    precipitate.       Fluid 

dloared- 

NogaUvB  . 

Negative  ... 

«0.»AL  MONKEY  S.KU«. 

";;:;:" 

1-10 
(.ontrol 

— -flO 

N^ative ._. 

NcgfttiTe 

Bacteria    be- 
ginning   to 

NcgaUvG 

NegaCive. 

Heavy  precipitate.    Fluid  not 
entirely  clear. 

Negative. 

Moderate  preclpftate.      Fluid 
not  clear. 

tirely  elenred. 
Do 

do 

do 

Fiom  tl)e  il>oie  Pxpeiinienti  we  can  eondude  only  that  tlie  precipitate  of  the 
bacteria  is  coarier  grainel  and  that  it  oecura  somewhat  earlier  in  tlie  immune 
serum  than  in  the  normal  monkey  scrum 

Tablb  No    V  — Foreign  Strum  Aumbfr  II  ind  inamme  noid   /  e  rim — Aiitutnal  ni 
tests  Jnnvary  IS 


rOREION  SEBUM  NUMBEB  11 

Diiimono. 

After  11  hours. 

Alter  :<nourfi. 

Af,er6hou», 

Virulent 
strain. 

Negative. 

Du- 
PoEltlve  weak. 
Negative. 

Do. 

- do 

- do 

Sediment  beginning  to  form 

do 

1:10 
Coatrol. 

A„ 

IMMUNE  MONKEY  SEBUM. 

strain. 

Negative 

Negative 

Negative. 

Do. 

Negati™. 

do 

do* 

1;10 

NegaUve. 

A  sedimentation  la  occaTring  and  particles  are  coUectli^  in  the  fluid,  strongly  simulatlDg  agglutl- 
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Pest  immune  serum  Number  III  from  a  horse  in  the  process  of  imiiiu- 
nization  by  Dr.  Enediger.  The  last  injection  before  bJeeding  was  with 
nearly  10  agar  cultures  of  "Pest  Virulent"  intravenously.  The  serum  was 
drawn  and  tested  for  agglutination  fifteen  days  after  this  injection.  A 
horse's  normal  serum  was  also  tested  at  the  same  time.  The  results  are 
as  follows: 

Table  No.  Vl-^Immuneserain  NwrAer IIIandnorma.l»eram{fw  coidrol)^Janiiary 
S3,  ngghUinaUon  with  strain  "Peel  Vifdent"  second  traiitpUwl,  Si-how  cultures. 


i»Mt.,.s.,m»™BE.n,. 

Dilution. 

After  1  hour. 

After  4  hours 

.,2.  ho™. 

.'» 

NegalEve 

Positive 

Positive. 
Do. 

—.-do 

NORMAL  SEBUM  (FOR  CONTROL). 

j  Control, 
tcontrol. 

Negative 

ao 

do 

Negative. 
Vetrelightscdini 

0.. 

ega 

"••••~ 

Table  No.  VIl. 
s  in  Table  No.  VI  again  testecJ,  witli  the  following 


IMMUNE  SERUM  NUMBER  III, 

Dilution. 

After  i  hour. 

Afterahonra, 

After  16  hours. 

l;10 

Positive 

Negative 

Positive.    Marked 
precipitate. 

PoslUvB  fluid  clFared. 

NORMAL  SERUM  (FOR  CONTROL). 

1:20 

NegaUvo 

NogfttivB 

Considerable     sediment.    Fluid     almost 
cleared. 
Do. 
Negative.    Slight  prteipilale. 

n  "Pest  A  virulent" 
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Tablb  Number  VIII. 


Dilution. 

"^mm 

(contTOl" 

Normal 

1        1:10 

ctlhour. 

Al.„!l,™„. 

Afterie  hours. 

itive  . 

Posttive 

MurkeiJ  precipitnte. 

Marked  floccnlent  precipitate. 

Agglutination  tests  were  mode  of  the  same  horse's  serum,  the  animal  having 
received  10  agar  cultures  intravenously  before  this  examination.  The  anti-infec- 
tious power  of  the  serum  at  this  time  was  such  that  1  cubic  centimeter  protected 
60  per  cent  of  the  inoculated  white  rats  against  fatal  pest  infection.     The  results 


B  No.  IX.  — hn: 


Nambpr   III  with  ■■> 


"Maa^mn  Ait"  and  " 


! 

Dilution. 

AtteMho^r.. 

After  20  hoTirit. 

Positive 

PoaiHvc    Fluid  elesred 

1:80 

do 

Do. 

IControl. 

Do. 

Wntrol. 

Do. 

"PEST  AVIRULENT," 

Dilution. 

Atler2houm. 

Alter4hou.. 

1  10 

Poailive 

Positive    Fluid  cleared. 

NegHUve 

1  100 

Negative     Slight  3i-dinient. 

do 

Do 

1  JOOO 

do 

Do 

icontrol 

do                                    - 

Do 

The  agglutinition  of  iV".*  tmmu/te  tfrvm  Number  IV,  obtained  from 
a  horse,  was  tested  five  months  after  its  preparation  Its  anti-infectious 
value  V,  18  such  that  1  cubit  centimeter  protected  90  per  cent  of  the 
inoculated  white  rats  against  pest  The  agglutination  tests  were  made 
with  the  'itrain  Pest  "Virulent"  (second  transpKnt)  at  this  time  in 
dilutions  of  1  10,  1  30  1  100,  1  500,  1  1 000  with  two  controls. 
All  were  negative  ifter  foui  hours  except  m  the  dilution  of  1 :  10,  where 
a  weak  positive  reaction  occurred. 
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A  study  of  the  agglutinating  properties  in  the  blood  of  a  number  of 
persons  who  had  been  vaccinated  against  plague,  as  well  a«  of  aeieral 
cases  who  had  suffered  with  the  disease,  is  sunimarized  m  the  following 
table.  The  blood  was  collected  and  tL=!ted  from  tht,  vaLcinated  ca'.e'., 
from  one  week  to  ten  days  after  the  inoLulation  It  was  taktn  from  those 
convalescent  from  plague  ten  days  after  the  subsidence  of  the  fever. 
In  the  two  cases  in  which  it  was  obtained  at  autopsy,  the  patients  had 
lived  ten  and  fourteen  days,  respectively,  after  the  onset  of  the  disease. 
In  order  that  the  tests  might  be  carefully  and  repeatedly  made,  from  10 
te  30  cubic  centimeters  of  blood  was  collected  in  the  living  eases  from 
a  vein  of  the  arm.  In  the  majority  of  instances  reactions  were  at  the 
same  time  performed  witli  fresh,  normal  human  scrum.  The  sera  were 
all  tested  within  a  day  or  two  after  the  blood  was  drawn.  A  second 
transplant  24-hour  culture  of  the  virulent  strain  was  employed  in  all 
the  testa. 

Table  No.  X.^TesIa  of  Ike  ngglutinaling  wihie  of  kuman  imwiine  sera. 


Case  No, 

"^X.t"™- 

DiluUons. 

...■.„.,„.*, 

I 

^   oese   -Test 

l:^     l:5i    lilOi 

Alter  IhournU  negative.    After  16  hours 

A  virulent;"  1 

1:20:  2  controls 

tliB  precipitation  of  tlie  bacteria  is  quit* 

(no  serum). 

mtkrkuA  In  all  of  the  tubes  but  not  so 

A  virulent." 

control  tubes. 

After  1  hour  all  negative.    After  16  houra 

1:100;    2     con- 

^ITed"  in  "the  "ubl^rcontanin"' *m» 

trolslnoaeriiml. 

than  in  the  control  tubes     rh"  same 

Jo 

Mfa  tested  again  the  foUoBingdoiHllh 

pest      Immune 

l.^o7"l:20i      1 

After  1  hour  all  ncufatlve.    After  16  hours 

uontrola      |no 
serum). 

in  all  tubes  containing  s  mm  thnn  In 
control    tubes.    The    same    sera    were 
tested  on  the  following  day  with  similar 

results. 

normal  humnn 
serum,       dilu- 
tions 1:10:  i:m 
l:10i  1:20;  1:40; 

After  a  hours  distinct  precipitation  of  bac- 

1:80;    1:160:    2 

terU  m  dilution  of  1:10;  after  2i  hours 

conlrols    witii- 

precipitation  appears  also  in  dilutions 

aoeaen  -Pest 

III 

show  no  precipitation. 

huDian  serum, 
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Table  No.  X. — Tests  of  tlut  agglutinating  vatae  of  human  immune  mv — Cont'd. 


Case  No. 

"'"uTuSL!"'" 

.,-,™. 

Ke,ul..n.ren.„... 

I:IO;  1^20;  1:«; 
1;80;    1:1S0;    2 

After  2  hours  taint  precipitation  of  bac- 
teria In  dilution  of  1:10.    After  3  hours 

controls    wilh- 

2wstn  "Pest 

dilution  of  1:20.    The  coiitroltube  with 

"'"""■ 

1  control  normal 

show  BO  precipitation  al  this  time. 

1:2;  1:10;  2  con- 

Moderate  precipitation  ol  bacteria  after  2 

trolalnorerum) 

houraindilutlonsof  l;2andl;10.    No 
sediment  in  control  tubes. 

I  conlrol  normal 

Blight  sediment  of  baclerta  after  3  hours. 

do 

human  sor«m, 

Positive  after  1  hour 

pest      Immune 

1:10:  1:10;  1:40; 

After  2  hours  marked  predpitnteol  bacteria 

in  dilutions  of  1:10  to  1:40.    Controls 

ao -„ 

Control     normal 
l:2i    IrlO;    1:20; 

negative. 
Negative  after  2  hours. 

After  2  hours  marked  precipitate  of  bacte- 
ria In  dilutions  of  1:2  to  1 :40. 

VI 

do 

controls  (no 
Bcrura). 

Control     normal 

Negative  alter  3  hours. 

1:2;  1:10;  2  con- 

After  21  hours  marked  precipitate  of  bacte- 

trols  negative. 

Conttol     nonnal 

VII 

^0 

human    serum 

teria. 

Control    borae 

,«.„.„>„™ 

pat      immnne 

1:10;  1:20;  1:40; 

After  1  hour  marked  preclpilale  of  bacte- 

1:80;   l;160;    S 
controls    (no 

ria  in  dilution  of  1 :  40.    After  2  hours 
marked  preeipitale  In  diluUons  ol  1 :  10, 

Control     horse 

Moderate  precipitate  after  2  hours. 

L™m,'i"r" 
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T*Bi,E  No.  X.  — Tents  »_( Oif  aggmmiUmg  tnUie  of  hm 
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Aflir  2  hours  moderate  precipitation  of 
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hoim  In  dilutions  of  1 :5  and  1 :2D. 

1  ^     16      1  10 

After  2  hours  all  negaitve.    After  16  hours 

1  20  Scoiitails 

marked  precipitation  witii  clearing  ol 

wKhout  serum. 

fluid  in  dilutions  of  1:5,  IHO  and  1:20 
Not  in  1:2. 

VIII 

do 

Control    wllh 

After  2  hours  all  negative.    After  16  hours 

marked  precipitation  with  clearing  of 

1:5;  l;10;l:ao. 

fluid  in  dilutions  of  1:5,  1:10,  and  1:20. 

S    ecntrols    <no 

Controls  negative. 

All  negative  after  1  hour.    After  16  hours 

Other  tubes  negative. 
1  Negative  after  1  hour.    After  1)  houre 

IX 

ao. 

Control     normal 

bllng  agglutination  appears  in  thedllu- 

hnman    wriim 

lion  of  1:10  of  one  normal  seram  and  In 

I.  l;2il:10. 

thcdilullonofl:5inlheolher.    Precipi- 

tate disappears  on  shaking.    Dilutions 

human    semm 

of  l:2with«8ch3ernmnegative.    After 

11,  l::;;  1:5. 

15  hours  dilutions  of   1:10  and    1:6, 

,      still  negative. 

All  negative  after  1  hour.    After  16  hours 

troH  (nosenim) 

moderate  precipitate  of  bacteria  In  dilu- 

Control    normal 

tion  of  1:5. 

1  !    1  6    2  con 

NegaUvc  alter!  hour. 

Negative  after  1  hour.    Moderate  precipi- 

trola     wilhoul 

X 

____  do 

Control     normal 

N^ative  after  1  hoiit.    Moderate  preeipl- 

human  serum 

XI 

Exactly  the  same  rtsults  obtained  as  in 
CaseX- 

XII 

--  ''^ 

wilhoul  serum 

Negative  after  U  hours. 

XIV 

.__„do 

trols      Hlthout 

Negative  after  1  hour. 
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XXIII 

XXVI 

autopsies 
I  and  II. 

One  agar  stant 
lent." 

lii;   1:5;  2  con- 
trols(noserani)- 

do 

trola  (no  serum) 
<1o 

—  -■10- -. 

(lontrol     normal 
l;2;  1:5. 
trols  (noeeVum) 

preelpllate  began  to  appear  tn  the  dilu- 
tion ol,  1 :  10.    (Compare  with  Case  IX 

l:2n(^tiye. 
All  negntiso  after  1  hour.    After  16  hours 

moderate  sediment  in  dilution  or  l:h. 
Both  negative  alter  1  and  16  hours. 

Eifoetlj'  the  same  results  as  with  Serum 

[All  negative  after  1  hour.    In  Case  XXI 
alight  precipitate  In  dilution  of  1 : 5  alter 

All  negative  after  I  hour. 
Negative  alter  1  hour.    Slight  precipitate 
in  dilution  of  1 : 6  after  3  hours. 

All  negative  after  1  hour.    Sediment  in 

-^-^'--- 

1 

do 

A  careful  study  of  the  above  table  brings  us  to  the  eonclusion  that  in 
the  majority  of  the  instances  no  traces  of  agglutinins  could  ciefiuitely  be 
demonstrated.  In  a  few  cases  they  perhaps  were  present  in  very  small 
amounts. 

In  concludii^  the  remarks  on  agglutination  it  may  again  he  emphasized 
that  excessive  precautions  must  be  taken  to  distinguish  between  pseudo 
and  true  agglutination  in  pest,  and  that  apparently  only  in  the  organism 
highly  immunized  against  plague  infection  do  the  agglutinins  become 
developed  in  sufficient  quantity  to  be  of  any  practical  importance  either 
in  the  diagnosis  of  the  infection  or  in  the  demonstration  o£  the  presence 
of  an  immunity.  It  also  would  appear  from  these  experiments  that 
the  development  of  the  anti-infectious  substances  in  a  plague  immune 
serum  is  quite  independent  of  the  tlevelopment  of  the  agglutinins. 
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IX.  THE  BACTERICIDAL  ACTION  OP  TLAGIJE  SERTJM. 

The  German  Plague  f  imiiiissiou  twrn  luJeil  that  Jn  pest  immune  wra 
Bpecific  bactericidal  anti  boJies  were  present  the  action  of  which  was 
fully  analogous  to  that  of  the  prctective  substances  which  hal  betn 
demonstrated  by  E.  Pfoiffer  to  exist  in  cholera  and  typhoid  infection 
However,  they  made  no  experiments  which  demonstrated  that  such  ler^ 
possessed  a  bactericidal  jction  against  the  pest  bacillus  ilthough  some 
experiments  were  performed  which  demon'-trated  their  preventive  action 
against  infection  and  their  curatne  value  "Vevertheless,  the  opinion  that 
plague  immune  serum  exerts  a  bactericidal  action  against  this  orginism 
apparently  became  generally  accepted  although  but  little  experimental 
work  was  carried  on  upon  the  subject 

In  1902,  Kolle  and  Martini "  performed  etpennients  with  guinea  pig^  and  nti 
in  which  the  animals  were  moeulated  witli  from  1  to  2  cubic  centimeters  of  pest 
immune  serum  and  after  twentj  tour  hours  were  inoculated  intraperitoneal! j  «ith 
from  2  to  3  oeaeu  of  p*st  cultures  of  moderate  virulence  suspended  in  saline 
solution.  Tliree  or  four  1  ours  after  the  inoculation  of  the  bacteria  upon 
microscopical  examination  according  to  the  met  hi  d  of  PfeiiTer  of  dr>p>i  of  the 
exudate  from  the  abdominal  Laiit\  tlie  majority  of  the  1  ariili  «trp  found  t)  be 
swollen,  degenerated,  and  broken  up  This  plienomenon  » is  not  n  ted  in  control 
animals  treated  with  normal  serum  but  pe><t  bacilti  of  normal  appearance  were 
observed,  which  increased  in  number  from  hour  to  hour  up  to  the  time  of  the 
death  of  the  animal.  The  abdominal  exudate  of  the  animils  injected  mtli 
immune  serum  was  sometimes  apparently  sterile  after  twentj  four  hours  although 
in  these  cases  the  fen  remaining  bacteria  usuallj  multiplitd  and  caused  tl  e  death 
of  the  animal  at  a  later  tine  \nimals  such  as  rats  ivl  ich  liad  heen  a  ti\el^ 
immunized  against  pest  b*  repeated  subcutaneous  injections  of  liiing  attenuated 
cultures  when  injected  intraperitonealh  with  pest  strains  of  moderite  Mrulence 
also  exhibited  the  same  bactericidal  ictirn  toward  the  bacteria  but  no  anti  toxic 
action  could  be  ohsertcd 

Markl"  as  a  result  of  his  observatitns  found  that  the  process  of  lestruction  of 
pest  bacilli  vaneii  according  to  the  \irulence  of  the  organism  When  a  cultui 
of  very  great  virulence  was  inoculated  into  tl  e  abdominal  cavitv  of  a  guinea 
pig  which  had  been  treated  with  an  immune  serum  after  thirty  minutes  a  (erj 
extensitt  Icucoejtosis  occurred  and  tl  e  bacteria  were  taken  up  by  the  pliagocjtes 
Those  bacteria  which  remained  free  became  agglutinated  and  grouped  about  tl  e 
leucocytes  One  hour  after  the  injection  of  the  immune  scrum  he  could  find 
no  extracellular  bacilli  in  the  jentoneal  exudate  and  cultures  made  from  it 
either  remained  sterile  or  deielopcd  onlj  a  few  colonies  A  leucoeytosia  also 
occurred  in  control  animals  » itl  out  immune  strum  but  tl  e  bacilli  remained  m  this 

"  Deuliche  med   Mthnsch.   (1902),  28,  45. 

"^isflir  f  Hyg  «  /n^eciioiwfcrontfc.,  Leipz.  (lOO.'!),  42,  244. 
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instance  extracellular  and  cuHiirea  of  tbe  abdominal  exudate  on  agar  produced 
a,  rieli  growth  of  bacteria.  In  furtlier  experiments  on  rats,  where  strains  of 
different  pathogenetic  power  were  employed,  the  very  virulent  strains  were  taken 
up  by  the  phagocytes  through  the  action  of  the  immune  serum,  while  avirulent 
strains  (those  non-letlial  in  doses  of  2  oeaen)  became  dissolved  in  the  abdominal 
cavity  of  the  animal  witliout  the  aid  of  the  phagocytes.  Strains  of  moderate 
virulence  became  partially  destroyed  by  both  of  these  means.  The  same  mechanism 
was  observed  in  passive  immunization  with  serum,  as  was  seen  in  animals  actively 
imniunized,  either  with  Itilled  or  witli  living  attenuated  cultures. 

Kolle "  in  December,  1904,  on  pursuing  further  experiments  of  this  nature, 
conlirmed  Markl's  results.  He  also  compared  the  method  of  action  of  plague, 
cholera  and  typhoid  immune  sera,  testing  the  bactericidal  action  of  plague 
serum  in  vitro  after  the  method  of  Neisser  and  Wechsberg.  He  was  unable  to 
demonstrate  any  bactericidal  reaction,  in  spite  of  the  many  variations  in  the 
experiments  and  the  use  of  many  different  sera  to  supply  the  complement  for 
the  completion  of  the  action  of  the  amboceptors.  Ftague  bacilli  after  treatment 
with  the  immune  serum  developed  as  plentifully  in  the  culture  media  as  they  did 
in  those  instances  in  which  they  were  treated  with  normal  serum.  Kolle  and 
Hetsch  employed  fresh,  normal  serum  from  the  pigeon,  cow,  horse,  chicken,  rabbit, 
donkey,  and  rat  for  supplying  the  complement.  Upon  investigating  the  question 
of  whether  the  bacterial  receptors  of  the  plague  bacillus  were  able  to  bind  ambocep. 
tors  in  an  immune  serum,  it  was  shown  that  such  a  binding  did  actually  take  place, 
and  that  the  serum  after  being  first  treated  with  living  plague  bacilli  lost  in  anti- 
infectious  power,  as  was  shown  by  experiments  performed  on  rata.  However,  at 
the  temperature  of  the  ice  box  or  wlien  killed  pest  bacilli  were  substituted  for 
living  ones,  binding  uf  the  amboceptors  could  not  be  demonstrated.  Moreover,  the 
union  did  not  occur  under  the  same  quantitative  relations  as  it  does  with  typhoid 
and  cholera  immune  serum.  Kolle  therefore  concluded  tliat  the  pest  serum  acta 
neither  as  a  pure  antitoxic  serum,  such  as  we  see  in  diphtheria  and  tetanus,  nor 
as  a  pure  bactericidal  one,  such  as  we  see  in  cholera  and  typhoid. 

Skschivan"  also  obtained  PfeilTer's  phenomenon  in  guinea  pigs  which  were 
inoculated  with  4  cubic  centimetera  of  tlie  Paris  pest  serum  and  sixteen  to  twenty 
hours  later  reinoculated  with  from  2  oesen  to  1  agar  culture  intraperitoneally. 
When  the  serum  was  inoculated  into  the  peritoneum,  the  bacteria  became  broken 
up  in  one-haif  hour.  The  control  animals  without  serum  .died  after  one  to  two 
days  while  those  inoculated  with  immune  serum  lived  for  from  five  to  seven  days. 
In  the  latter  instance,  in  three  cases,  a  periorchitis  existed  and  the  omentum 
was  shrunken  and  hard. 

In  1902,  Wright  and  Windsor  "  showed  that  normal  human  serum  was  entirely 
without  bactericidal  action  upon  the  pest  bacillus  and  that  sterilized  cultures  of 
this  organism  were  not  capable  of  abstracting  a  bactericidal  element  from  such 
blood.  In  the  following  year  Wright  and  Douglas  "  further  showed  that,  while 
no  bactericidal  reaction  was  exerted  against  the  plague  bacillus  by  normal  human 
serum,  such  serum  evidenced  a  distinct  opsonic  action  against  this  organism. 
On  tile  other  hand  Row"  maintained  that  the  serum  of  plague  convalescents 
possessed  remarkable  bactericidal  properties.     He   found  that  while  in  hanging. 

" Zisckr.  f.  Syg.  «.  Infectionakrankh.,  I^eipz.  (1004),  48,  371. 

"Cenirti.  f.  Bdkteriol.  Orig.  (1903),  33,  27i. 

"J.  ofEyg.  (1902).  2,  385. 

■"Proo.  Boy.  Soc.  Umd.   (1004),  73,  130. 

"Brit.  Med.  Journ.   (1902),  ISOS. 
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drup  preparations  tlip  BaeiUvs  ptatis  flourished  m  the  lerum  of  noriiul  indmd 
iiala  tvhen  a  quantity  of  serum  from  a  plague  convalescent  was  lafeited  nith 
this  organiom  the  latter  viat  destroyed  after  twentj  four  liours  The  growtli  of 
the  plague  bacillus  was  said  to  be  inhibited  in  the  cane  of  blood  taken  from 
patients  in  the  larlj  stage  of  the  disease  or  from  those  tending  to  recover  In 
3,  later  paper  "  he  pointed  out  that  this  bacteriLidal  reaction  of  tht  pest  Itaci11u'< 
resulted  from  the  action  of  immune  bodies  plus  complement  and  that  the  action 
of  plague  serum  could  be  suspended  bv  the  usual  method  of  tnactivation  and 
it  could  again  be  reactivated  by  the  addition  of  fresh  complement  He  olaimetl 
that  Roujc  s  serum  which  had  been  inactivated  could  be  reactivated  by  fresh 
complement  obtained  from  either  man  the  dog  rat  or  monkey  HowLver  Eo«  s 
experiments  seem  inLjnelusivt  and  iiniommcmg  (vving  to  t!ie  technique  en  ploiel 

In  1906  Lamb  and  Fostei  "  again  emphasized  tip  fact  that  not  onlj  normal 
human  serum  but  also  that  of  other  mammals  «ts  devoid  ff  anj  baetericidil 
action  on  SociZiiw  pesUi 

Scbouroupoff  '  vilio  demomtiated  tbat  the  pest  bacilli  wliieh  nere  injected  into 
animals  immunized  against  pest  disappeared  after  a  veri  short  time  contluded 
that  the  antipeit  serum  is  also  partly  bactericidal  in  its  action 

LBhlein"  very  recently  communicated  the  reoults  of  his  studiea  upon  phago 
cytOBis  in  pest  and  anthrax  to  the  Association  of  Microbiol<^7  at  Berlin  He 
found  that  while  in  the  animal  body  almost  no  phagocjtosis  of  virulent  pet 
strains  occurred  »n  titro  the  organiHms  were  taken  up  by  the  carefully  washed 
whtt«  blood  corpuscles  of  the  most  <iu«ceptible  experimental  animals  and  he 
further  demonstrated  that  while  phagocytosis  of  the  virulent  pest  organism  was 
not  dependent  upon  the  action  of  diniolved  opsonic  substances  such  action  was 
promoted  l>i  normal  guinea  pig  lerum  The  same  phenomena  were  obHeried  with 
dilutions  of  specific  plague  aerum  In  the  cise  of  undiluted  serum  or  in  its 
loner  dilutions  the  serum  was  strongly  agglutinative  so  that  the  result  wan 
obscured  liohlcin  in  aetord  with  the  experiments  of  Markl  found  that  in 
vilro  the  moat  marked  prevention  to  the  growth  of  virulent  pest  bacilli  occurred 
when  immune  serum  and  leucocjtes  were  placed  in  contact  with  the  peat  bacilli 
Uptn  injecting  virulent  pest  germs  into  the  prepared  abdominal  cavity  of 
guinea  pigs  a  marked  phagocytosis  of  the  bacteria  also  occurred  A  rapid 
diminution  of  the  bacteria  at  first  as  well  as  of  the  animal  cells  in  the  abdominal 
cavity  also  occurred  upon  injecting  these  organisms  into  the  abdominal  cavity 
of  a  normnJ  guinea  pig  or  rat  A  dissolution  of  the  bacteria  was  not  observed 
but  the  oiganisms  were  taken  up  by  phagocytic  cells  in  different  portions  of  the 
abdomen  and  in  the  omentum  Later  a  marked  increase  in  the  number  of 
leucocytes  in  the  abdominal  cavity  took  place  and  especialh  the  bacteria  became 
increased  in  number  These  organisms  which  were  termed  bacteria  of  (he 
second  generation  increiRed  up  to  the  time  of  the  death  of  the  animal  The 
bacteria  which  appeared  after  the  negative  period  were  not  usuallv  taken  up 
by  phagocytes  Tins  failure  of  the  leucocvtes  to  ingest  them  was  evidently  not 
due  to  an  injury  to  the  phagocytic  properties  of  these  cells  as  was  demonstrated 
by  the  further  injection  of  staphj  locotci  into  the  abdominal  cavitj  the  latter 
organisms  undergoing  active  phagocytosis  Lohlein  thought  (his  phenomenon 
might   be   explained   either   upon   the  assumption   ol   the   presence   of   a   soluble 

"Srif.  Med.  Joum.   (1903),  1078. 
"Lancet   (1906),  171,  9. 
"Arch,  des  8ci.  Bioloyiques  (1!>05|,  11,  100. 
"Oenlrbt.  f.  RakterioL  AM.  I  (llWIj),  38,  32. 
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subatuncoa  such  as  an  B.ggreasin  in  the  aenae  iii  whicli  Bail  u'ws  the  term  or  by 
assuming  that  the  baeteiia  which  appeared  later  m  the  abdominal  cavity  sur 
rounded  b*  capsules  possessed  a  negatue  eiiemotaetic  action  Poaaibly  both 
of  these  factors  played  a  rule  altlough  he  was  unable  to  determine  the  question 
definitely  He  alao  found  as  Denys  and  Tartakowik*  had  done  that  where 
immune  aerum  wa~  injected  into  the  abdominal  canty  of  a  guinea,  pig  <<liortly 
ifter  the  introduction  of  the  oi^nisms  phagoeytosia  in  addition  to  agglutination 
ff  these  bactem  of  the  seond  generation  occuired 

iiter  a  study  of  the  experiments  which  had  botn  ptrfoimtd  m  relation 
to  the  bactericidal  action  of  the  pest  immune  serum  m  i  tiro  it  appeared 
to  n  e  to  jud^e  from  the  tareful  experiments  of  Kolle  and  Heteih  on  pest 
immune  serum  that  this  queistiiin  was  dehnitely  settled  as  far  as  the 
methods  emploj  ed  were  concerned  The  experiments  of  Wright  and  Lamb 
and  my  own  already  referred  to,  relating  to  the  bactericidal  reaction  tn 
vUro  of  normal  human  and  other  mammal's  blood,  alao  appeared  conclusive. 
However,  in  order  further  to  complete  the  evidence,  the  following  addi- 
tional experiments,  consisting  of  the  examination  of  the  bactericidal  power 
of  horse's  perfectly  fresh  pest  immune  seium,  as  compared  with  horse's 
fresh  normal  serum,  were  undertaken  I  also  studied  the  bactericidal 
power  of  horse's  inactivated  pest  immune  serum,  after  the  addition  of 
perfectly  fresh  monkei  serum  to  supph  the  complement.  The  horse's 
immune  serum  in  the  latttr  instance  was  inactivated  by  heating  for  one 
hour  at  56    C      Ihe  experiments  were  pertormtd  m  the  following  wa> 

In  teat  tube  1  wtre  placed  1  cubic  centin  etir  of  perfeotlj  freah  horae  a  in  mune 
serum  (without  the  addition  of  carbolic  acid)  +  1  cubic  centimeter  of  s,  auspen 
sion  of  an  Rnr  culture  of  the  virulent  peat  bacillus  in  bouillon  in  a  iilution  of 
1   to  WOW 

In  teat  tule  II  weie  flaced  1  culie  centimeter  of  perfectly  frisl  n  rmal 
horae  serum  +  I  cubic  centimeter  of  a  suspension  of  an  agar  culture  of  the 
Virulent  pest  bacillus  in  bouillon  in  a  dilution  of  I  to  GO  000 

After  thorough  mixing  of  the  c  ntenta  of  each  tube  they  were  both  placed  for 
three  lours  in  the  incubatir  at  3  °  (.  when  sets  of  agar  platts  were  prepared 
No  difference  in  the  bactericidal  action  of  the  two  sera  could  be  distinguished 

In  the  second  series  of  experiments  in  test  lube  I  «ere  placed  1  cubic 
centimeter  >f  the  inactivated  horse  a  immune  serum  +  05  cubic  centimeter  of 
the  suspension  of  tie  bacilli  +  0*1  cubic  centimeter  of  monkeys  fresh  normal 
aerum  in  a  dilution  of  1    10 

In  test  tube  II  were  placed  I  cubic  centimeter  of  horae  s  inactivated  normal 
serum  +  06  cubic  centimeter  tf  a  suspension  of  the  bacilli  +  05  cubic  centi 
meter  of  monkej  a  fresh    ntrmal    serum  in  a  dilution  of  I    10 

In  teat  tube  III  were  placed  0  5  cubic  centimeter  f  tl  e  supenaion  of  the 
baiilli  +15  cubic  centimeters  of  saline  solution 

In  test  tule  IV  0  5  cubic  centimeter  of  a  suspension  of  the  bacilli  +  01 
lubio  centimeter  monkei  s  normal  tLrura  +  05  cubic  centimeter  saline  aolutirai 

These  experiments  were  jiertormed  m  dilutions  of  the  serum  of  1  2 
1 :  10,  1 :  100,  and  1 :  500.  No  marked  difference  could  be  discovered  in 
the, number  of  colonies  in  the  plates  prepared  from  the  suspensions  of 
immune  serum  and  from  that  of  the  normal  serum. 
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The  succeBh  of  the  reKtion  n  exferimeiits  of  tl  s  nature  providing 
of  course  that  the  serum  to  be  tested  possesseB  a  bactericidal  power 
obviously  dependi  upon  the  ^scltction  of  an  animal  serum  confainmg 
complement  ^sith  rtctptor^  suitibk  to  iinite  with  tie  amboceptors  m  the 
mniune  strum  As  hai  been  mentioned  Kolle  and  Hetsch  in  their 
experimentB  emplojed  the  sera  of  the  pigeon  cow  horee  chicken  rabbit 
donkey  and  rit  to  tumihh  tl  e  ton  jtement 

However  it  was  demonstrated  by  the  following  additional  experiments 
that  my  failure  m  the  expenmentb  which  I  have  lust  deiicribtd  to  obtain 
a  ba(,tericidal  rtactjon  or  to  demonstrate  any  other  injurious  ttfcct  on 
the  plague  batiUus  rtsultmg  from  the  action  of  tit.  ftst  immune  ''erum 
on  this  organji^m  was  not  hic  to  the  fact  tliat  I  had  net  found  a  suitible 
complemtnt  for  the  ambotej  tors 

A  horses  pest  immune  6erum  (not  inactivated)  Jihick  at  the  time 
m  doses  of  1  cubic  Cbnttmeter  vat  ahle  to  prote  i  agiinU  fital  peft 
mfeifiOH  abont  W  per  ctnt  of  the  lats  vnocidatei  tiith  tt  was  mixel  with 
perfectly  fresh  rat  serum  and  its  bactericidal  value  tested  according  to 
the  method,  in  vitro,  which  has  already  been  described.  In  order  that 
the  phenomenon  of  the  deflection  of  the  complement  by  amboceptors,  as 
described  by  Neieser  and  Wechsberg,  might  not  interfere  with  the  reac- 
tion, the  experiments  were  also  performed  with  varying  amounts  of  the 
horse's  immuoe  serum  and  fresh  rat  serum.  However,  no  difference  could 
be  detected  between  the  results  obtained  with  these  experiments  and 
with  those  performed  in  the  same  manner  with  normal  horse  serum  plus 
fresh  rat  serum 

These  experiments  and  tho=!e  of  Kollc  and  Hetsch  already  outlined 
appear  to  demonstrate  that  the  pest  immune  seium  which  is  known  to 
possess  anti  infectious  power  m  the  animal,  possesses  w  titto  no  bade 
ncidal  action  whateier,  thit  is  similar  to  that  poasesaed,  for  example,  M 
typhoid  immune  serum  It  is  also  clear  that  the  pest  bacilli  are  not 
only  not  killed  bj  the  immune  serum,  but  that  they  remain  alive  and  are 
capable  of  subsequent  deielopment  Thenfore,  it  is  evident  that  some 
other  factor  muat  play  an  important  rfile  in  the  ultim^to  destruction  of 
the  inoculated  biciUi  m  tlie  bod>  of  an  animal  cither  pasiiively  im- 
munised by  the  injection  of  such  a  serum  or  actively  immuni/ed  by 
vaccination  and  according  to  the  conceptions  of  MetehnikofE  it  might  be 
argued  that  since  the  serum  in  the  test  tube  is  apparently  without  injurious 
action  upon  the  pest  bacilli,  the  phagocyte  must  he  the  additional  factor 
which  is  necessary  to  render  harmless  and  to  destroy  the  organism  in 
question. 

However,  before  accepting  this  hypothesis,  it  seemed  advisable  further 
to  investigate  not  only  what  action  the  serum  has  upon  the  life  of  the 
plague   organism,    but   also    what    action    the    organism    has    upon    the 
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imnmne  serum.  From  the  extensive  work  performed  by  Ehrlich,  Mor- 
genroth,  PfeiffePj  Wassermann,  Kolle,  and  their  co-worlcers,  we  know  that 
a  union  occurs  in  vitro  between  the  specific  suhBtancea  of  a  serum,  such 
as  antitoxine  or  bacteriolyeine,  and  the  homoIogouB  bacterial  antigen. 
Although  the  union  of  these  two  substances  follows  a  different  law,  it 
is  poBsibie  to  show  that  such  a  binding  actually  does  take  place  and  that 
the  antitoxic  serum  loses  in  value  after  combination  with  toxine  and  the 
bactericidal  one  diminishes  in  its  specific  effect  after  treatment  with  its 
corresponding  bacterium. 

With  a  view  of  further  elucidating  the  subject,  thia  problem  was  under- 
taken with  the  plague  bacillus  and  pest  immune  serum;  the  experiments 
being  performed  in  a  somewhat  similar  manner  to  those  previously  carried 
on  in  this  laboratory  in  1904  with  the  cholera  organism.  The  pest  im- 
mune serum  was  first  carefuly  tested  for  its  anti-infectious  power  on  rats 
and  the  amount  determined  which  would  protect  about  90  per  cent  of 
the  animals  inoculated  with  it,  against  the  subsequent  injection  of  a 
lethal  dose  of  plague  bacilli.  (See  Series  53,  p.  286.)  Fifteen  cubic 
centimeters  of  this  pest  serum  were  then  mixed  with  the  living  bacteria 
obtained  from  fifteen  48-hour  agar  slant  cultures  of  the  virulent  pest 
strain.  The  mixture  was  placed  in  the  incubator  for  two  hours  at  S?"  C. ; 
carbolic  acid  to  0.5  per  cent  was  then  added  and  the  mixture  heated  for 
two  hours  at  46°  C.  and  then  thoroughly  centrifuged.  The  clear  fluid 
above  was  then  drawn  off  from  the  sediment  of  bacteria.  After  the 
sterility  of  the  serum  had  been  demonstrated,  its  anti-infectious  value 
was  now  for  a  second  time  tested  on  rats  and  it  then  was  found  that 
the  serum  no  longer  protected  these  animals  in  the  same  amounts  as  it 
did  previous  to  its  treatment  with  the  baceria,  70  per  cent  of  the  rats 
inoculated  with  the  same  dose  succumbing  when  subsequently  infected 
with  pest.'* 

It  follows  from  this  that  a  binding  of  at  least  a  portion  of  the  ambo- 
ceptors of  the  pest  immune  senim  to  the  receptors  of  the  plague  bacillus 
had  occurred,  and  although  the  bacteria  in  question  were  not  killed  by 
the  serum,  nevertheless,,  a  reaction  in  vitro  between  the  serum  and  the 
organism  had  occurred.  (For  the  details  of  these  experiments  see  Series 
53,  p.  286.)  These  results  are  confirmatory  of  those  already  referred 
to  and  obtained  by  Kolle  and  Hetsch. 

For  the  further  study  of  the  action  of  plague  immune  serum  I  per- 
formed other  experiments  in  the  abdominal  cavities  of  guinea  pigs,  the 
details  of  which  may  be  seen  in  Series  63,  64,  and  65  (pp.  368,  270,  and 
371).    Upon  injecting  the  strain  "Pest  Virulent"  into  the  peritoneal 

™  In  pertiwming  experiments  of  this  nature  precautions  niust  lie  taken  to 
ascertain  if  sufficient  amounts  of  dissolved  receptors  of  the  bacilli  (artificial 
aggressins}  remain  in  tiie  serum  ta  influence  the  course  of  the  infection  in  the 
animal. 
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cavity  of  a  guinea  pig  immuQizc  1  against  plague  either  by  previous  vacei 
natnn  or  1  >  the  injection  of  a  dose  ->!  pest  m  mnne  serum  it  was  fo  md 
that  Pfeiffer  "^  pi  enomemn  ai  obaen  1  m  the  ca^c  of  the  cholera  organism 
m  the  cholera  immune  animal  did  not  occur  The  virulent  orgonisni 
in  quest  on  ]i  1  net  ut  dergo  diusolution  an  1  onlv  with  the  very  avirulent 
strains  (  Maaswn  \lf  and  Pest  \virulont  )  di  1  the  organism"  finalh 
become  swollen  or  disintegrattd  It  is  true  that  shortl}  ifter  the  mocu 
lation  of  the  virulent  strain  m  the  inniun  zed  animal  a  disappearince 
of  the  bacteria  from  the  ahdom  nil  cavity  uwall}  OLCurred  and  that 
ilso  at  first  but  few  ammal  celh  were  encountered  in  the  ablommal 
exudate  Upon  in\ eitigiting  the  file  of  the  bacteria  by  killing  the 
animals  at  different  periols  of  time  after  the  inccilati  n  it  wis  found 
that  ahorth  after  the  injection  1  ;)th  m  the  cajse  of  inimals  immunized 
again&t  pe«t  md  m  that  of  normal  an  mal  the  majority  ot  the  bacteria 
had  been  cirntd  to  or  made  their  way  to  the  walls  (f  the  cavity  and 
partieuhrly  to  the  omentum  to  the  surfa  e  of  whieh  they  had  become 
adherent  Here  many  of  thcin  were  taken  ip  hi  the  phagocytic  lAK 
Afttr  a  ihort  pernl  the  kucot}te  b  came  n  ore  itun  knt  m  the  abdom 
mat  e'^udate  and  miny  of  them  isere  seen  to  contain  bictena  In  man\ 
eafceb  in  the  immunized  animal  the  lemotytes  eem  to  possebs  poiitne 
chemotaxis  for  the  bacteria  judging  from  the  manner  in  which  the  latter 
are  groupel  about  them 

In  the  caao  it  nonimmune  in  mali  the  pe  t  bacilli  outside  of  the 
eells  ncrease  m  number  up  to  the  tim  of  the  death  of  the  animal 
The  majontj  of  the  bacteria  that  are  found  to  e\ist  free  in  the  cavitj 
after  the  negative  phase  are  short  biptlar  staining  batiUi  which  seem 
to  possess  capsules  a  smaller  numlier  of  Urge  bacilli  frequently  «ho*ing 
involution  forms  are  also  encountered  After  the  negatne  phaue  in 
the  case  of  the  immua  zed  an  mal  tl  e  leucocytes  uBiiall^  become  much 
more  numerois  m  the  abdom  nal  cavity  The  phagocytosis  of  the  bac 
teria  continues  b(th  by  the  cells  m  the  omentum  and  bj  those  free  m 
the  abdominal  cavitj  until  very  few  free  bacilli  remain  However  as 
has  been  mentionetl  m  the  ncnimmune  animals  the  bipolar  staining 
organisms  whicl  do  not  appear  to  be  taken  ip  by  the  kucot  ytes  increase 
up  to  the  time  of  the  deatl  of  the  guinea  pig  ('>ee  beries  C3  64  and 
05  (pp  368  g7U  and  2'^!  ) 

Lohlein,'^  whose  article  was  published  while  my  experiments  were  in 
progress,  also  encountered  these  bipolar  staining  organisms.  These  he 
very  appropriately  terms  "bacteria  of  the  second  generation,"  and  he  calls 
attention  to  the  fact  that  they  are  seldom  seen  to  undergo  phagocytosis. 
This  phenomenon  as  mentioned  he  explains  either  upon  the  assumption 
that  some  such  substance  aa  the  aggressin  of  Bail  may  be  present,  or  that 
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perliaps  the  cipsules  of  the  botttna  ict  m  a  npgatnely  tluniotattn, 
mmner  Mj  own  idea  is  that  those  organisms  aro  negatively  chemotactic 
for  the  leucocytes  but  not  betanso  they  possess  aggresams  in  the  sense 
which  Bail  usee  the  term  but  because  they  have  not  been  changei  ehom 
icall)  by  the  action  of  the  immune  serum — that  is  these  battprii  have 
either  entirely  escaped  the  action  of  the  plague  amboceptors  or  a  sufficient 
portion  of  their  receptors  have  not  been  bound  to  enable  the  leucocytes 
to  act  positively  chemotactic  toward  them  and  to  engulf  them;  the 
phagocyte  usually  ingesting  only  the  organism  which  has  previously  been 
affected  by  the  immune  serum;  it  is  also  possible  that  the  encapsulated 
organisms  are  not  readily  hydrolyzed. 

Therefore,  it  is  obvious  that  in  vitro  the  amboceptors  of  plague  immune 
scmm  unite  with  the  receptors  of  the  organism  and  that  in  the  body  of  the 
animal  the  process  of  destruttion  is  i  arried  on  further  by  the  phagocytes, 
which  engulf  the  bacteria  which  ha\e  been  so  acted  upon  It  ia  also 
evident  that  the  bacteria  are  not  killed  in  the  test  tube  by  the  immune 
serum  alone  Does  the  leucocyte  accomplish  this  action,  or  is  the 
organism  killed  in  the  abdominal  cavity  by  other  influences  before  under- 
going phagotytoBis '  That  the  latter  hypothesis  is  not  always  true  I 
have  been  able  to  demonhtrate  b^  transplanting  to  the  surface  of  agar 
media  loops  of  the  abdominal  exudate  which  contain  phagocytes  inclosing 
bacteria  The  organisms  under  these  circumbtances  haie  sometimes  been 
observed  to  haic  increased  withm  the  ceHs  and  m  some  instances  to  have 
burst  the  leucocyte  and  partiall>  to  have  escaped  from  it 

It  therefore  seems  that  after  the  bacillus  has  been  prepared  for  the 
action  of  the  leucocyte  by  the  immune  serum,  the  leucocyte  does  play  a 
part  in  the  digestion  and  ultimate  destruction  of  the  organism.  On  the 
other  hand,  that  the  phagocytes  in  nonimmunized  animals  do  not  to  any 
extent  take  up  plague  bacilli  seems  equally  clear  and  this' opinion  may 
be  confirmed  by  the  study  in  plague  infections  of  smears  oi  sections  from 
plague  buboes  or  abscesses  in  other  portions  of  the  body.  Here,  while 
many  bacteria  are  encountered  in  the  endothelial  cells,  but  very  limited 
or  no  evidence  of  phagocytosis  by  polymorphonuclear  leucocytes  is  en- 
countered. 

The  destruction  of  the  plague  bacillus  is  then  effected  by  the  immune 
animal  in  a  manner  partly  in  accord  with  the  humoral  theory  of  Buehner 
and  partly  in  accord  with  the  phagocytic  one  of  Metchnikoff,  The  action 
of  the  serum  in  its  protective  effect  upon  the  animal  is  neither  antitoxic 
nor  bactericidal,  but  has  been  termed  anti-infectious ;  that  is,  it  is  a  serum 
1  with  the  power  of  preventing  infection. 
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As  is  now  generally  known,  Wright  and  Douglas^  in  1903  proposed 
the  term  "opsonins"  to  designate  the  elements  in  the  blood  which  modi- 
fied the  bacteria  in  a  manner  which  rendered  them  a  ready  prey  to  the 
phagocytes.  Their  important  article,  at  the  time  of  its  appearance,  did 
not  excite  the  attention  which  it  merited,  but  in  1904  and  1906  they, 
together  with  Bullock,"  undertook  further  studies  relating  to  the  varia- 
tions of  the  opsonic  content  of  the  blood  in  certain  infections  and  explained 
the  practical  resulte  to  be  obtained  from  the  observation  of  the  opsonic 
index.  These  publications  attracted  wide  attention.  During  the  past 
year  many  articles  have  appeared  relating  to  the  presence  of  opsonins 
in  different  infections  and  of  the  practical  results  to  be  obtained  by 
increasing  the  opsonic  index  through  the  injection  of  bacterial  vaccines. 
While  some  of  this  work  has  been  done  by  trained  investigators,  much 
of  it  has  been  performed  by  men  who  may  be  considered  new  to  the 
field  and  it  is  questionable  whether  all  of  the  claims  of  the  practical 
results  obtained  with  the  various  infections  will  be  justified  by  more 
careful  work  in  the  future.  There  are  many  sources  of  error  in  determin- 
ing the  opsonic  index,  and  the  personal  equation  is  of  considerable  im- 
portance when  the  method  described  by  Wright  is  employed. 

Among  the  more  jmpoitant  articles  on  this  subject  whjch  have  appeared 
during  the  past  jear  besides  those  of  Wiight.  may  be  particularly  men- 
tiontd  those  of  Hektoen*'  and  his  pupils  and  of  Simon,  Eosenow  and 
Porter "'  m  the  United  States,  and  of  Muir  and  Martin  m  Great  Britain 

A  discussion  of  the  entire  subject  can  not  here  be  entered  into 
Hektoen  and  EuUock  believed  that  the  op'^onins  might  be  regarded  as 
distinct  from  the  other  anti-bodies  However,  it  does  not  seem  to  me 
that  this  has  been  at  all  conclusitely  est9blished,  and  m  my  expenmental 
work  on  the  subject  T  have  not  been  able  to  convince  myself  that  in  the 
"opsoDit"  action  m  plague  we  have  to  do  with  any  other  factors  than  the 
binding  of  the  receptors  of  the  bacteria  by  amboceptors  of  the  serum 
and  of  the  union  of  the  complement  m  the  usual  way,  as  in  bacteriolysis 
and  believe  that  it  is  m  this  manner  that  the  bactena  are  prepared  for 
phagocytosis  However,  obviously  the  complement  doeu  not  always  netes- 
sanly  cause  lysis  although  it  always  enters  into  the  reaction 

"Proc  Roy   flor  Lond    {'i'>QS),  72,  367 

'^lUd  (I')04)  73,  12S,  and  Lancet  (1W5],  2,  159S  and  1903  Tli^-e  articlef 
contain  the  other  important  references  to  Wright's  work. 

"J.  Am.  Med.  Asa.   (1906),  46,  1407,  and  J.  Infect.  Dis.   11900),  3,  434. 
"J.  Am.  Med.  Ass.  (1906),  47,  1722. 
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It  seems  not  unlikely  that  in  some  of  the  cxperimentB  performed  in 
the  study  of  the  opsonins  it  is  sometimes  the  action  of  the  complement 
alone  and  sometimes,  though  more  rarely,  that  of  the  immune  body 
which  has  been  considered  to  represent  the  opsonic  action.  The  recent 
work  of  Simon  **  and  his  associates  which  argnes  against  the  specific 
character  of  opsonins,  supports  these  views,  as  does  also  the  work  of  Muir 
and  Martin,^"  These  latter  authors  have  tested  the  three  chief  varieties 
of  immune  bodies  (amboceptors),  namely,  (1)  those  obtained  by  the 
injection  of  red  blood  corpuscles,  (2)  serum,  and  (3)  bacteria,  and  have 
found  that  in  each  case  the  combination  of  reeeptors  plus  immune  bodies 
removes  the  opsonins  of  normal  serum.  Moreover,  it  seems  to  me  that 
another  very  important  factor  in  favor  of  the  hypothesis  that  opsonic 
action  consists  of  the  binding  in  combination  of  amboceptors  and  com- 
plement is  furnished  by  a  study  of  the  action  of  the  plague  bacillus  and 
plague  serum  in  relation  to  the  so-called  phenomenon  of  Bordet  and 
Gengou  *°  of  the  fixation  of  the  hgemolytic  complement. 

I  also  have  been  able  to  show  that  plague  immune  serum  constantly 
produces  the  phenomenon  and  we  can  therefore  reason  from  this  fact  and 
from  the  work  of  Muir  and  Martin  that  some  complement  as  well  as 
amboceptor  enters  into  the  opsonic  reaction  in  plague,  since  we  know  that 
the  complement  is  only  bound  according  to  the  phenomenon  of  fixation 
when  a  union  of  specific  amboceptor  and  receptor  has  occurred  and  that, 
conversely,  the  phenomenon  only  takes  place  when  the  complement  is 
actually  bound.  (See  pp.  327  and  328  for  the  details  of  these  experi- 
ments.) 

However,  leaving  aside  the  discussion  of  whether  the  opsonins  really 
represent  new  anti-bodies  of  a  different  character  from  those  we  are 
familiar  with,  we  may  certainly  say  that  plague  immune  serum  possesses 
opsonic  power  since  it  prepares  the  organisms  for  phagocytosis,  and  we 
may  add  that  with  the  plague  bacillus  the  result  of  the  chemical  reaction 
is  somewhat  different  from  that  which  is  observed  in  true  bacteriolysis 
of  certain  other  microorganisms. 

I  have  also  investigated  the  question  of  whether  the  sera  of  human 
beings  and  animals  vaccinated  against  plague  develop  a  higher  opsonic 
index  against  the  plague  organism  than  is  possessed  by  normal  human 
and  animal  sera.  Some  of  the  guinea  pigs  and  monkeys  in  which  the 
reaction  was  tested  had  been  shown  to  resist  plague  infection  after  the 
vaccination.  The  blood  was  usually  tested  ten  days  after  the  vaccination 
or  test  of  immunization.  The  method  of  experimentation  has  been  as 
follows : 

A  non-immunized  guinea  pig  is  inoculated  intraperitoneal ly  with  10  cubic 
centimeters  of  a  sterile  suspension  of  aleuronat.     After  from  twelve  to  sixteen 


*•  J.  Exp.  Med.  ( 1906 ) ,  8,  051. 
"Bnt.  Med.  Joum.  |ieofl),  1783. 
"Arm.  d.  I'inst.  Pasteur  (1001),  15,  '. 
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hours  the  animal  IS  killed  wiU  U  loroforiii  II  c  ibrioniiiidl  eM  Ute  if  sterile  la 
collected  aod  mixed  with  an  xtesH  of  0  1  per  cent  of  Hmmonium  oxalate  nolution 
in  0  S5  per  eent  sodium  chloiide  solution  {as  proposed  bi  Simon  )"  and  thoroi^hly 
centrifuged  The  packed  corpuscles  are  then  washed  seieril  times  in  e%o  ss 
ot  aaline  solution  and  each  time  recentriiugcd  In  perforniinj?  the  tests  one 
>olume  of  leucocytes  phis  one  volume  of  a,  saline  suspension  of  the  pest  bacteni 
plus  one  volume  of  the  serum  to  be  tested  are  thoroughly  mixed  and  incubated 
for  tliirtj  minutes  at  37°  C  After  this  time  smears  are  prepared  and  stainel 
with  methylene  blue  Two  hundred  leucocytes  were  counted  and  the  average 
number  of  bacteria  ingested  determined  Control  experiments  with  normal  sera 
of  the  same  species  of  animal  were  prepared  as  well  as  a  control  showing  the 
nonphagoe\tic  power  of  the  washed  leucocytes  The  method  of  counting  the 
phagooytic  cells  as  suggested  bv  '^imon  rather  than  the  number  if  bacteria  in 
each  phagocyte  as  recommended  by  Wright  appears  srmewhat  simpler  ind  the 
error  of  variation  between  repeated  counts  with  it  was  m  some  instinces  not  so 
great  H  ne^er  which  of  these  methods  will  eventualh  pro\e  tu  be  the  more 
reliable  in  determining  the  actual  opsonic  index  I  am  not  prepired  to  state 

A  few  e\per  ment^  were  also  performed  in  (Icterniinmg  tin  opsonic 
action  of  vaccinated  animals  hy  another  method  which  howevei  was  not 
found  to  be  a?  satisfactory  as  the  one  already  descnbed 

In  thefle  experiments  the  animils  tn  be  tested  were  hrst  inoeulited  intraperi 
tnneallv  with  a  suspension  of  the  strain  Pest  \irulent  and  after  tl  irty  five 
minutes  to  one  and  one  half  hours  Iropa  of  the  abdominal  fluid  were  drawn  off 
and  smears  prepared  and  stained  lie  aierige  number  of  bioteria  containei  in 
50  leucocytes  was  then  counted 

While  the  animalt  which  had  been  ^iccinated  by  thi&  methotl  usually 
showed  an  mcrca&ed  op'^onic  index  over  that  of  noinial  animals  trc 
quently  the  number  of  leucotvtes  m  the  abdominal  cavity  aa  well  as  the 
number  of  bacteria  was  very  small  The  explanation  of  this  phenomtnon 
has  already  been  discussed  above  The  difliculties  m  the  technique  wtrt 
therefore  increased  and  further  experiments  were  not  perforned  Viiih 
this  method  becauBe  of  the  superiority  of  the  first  one  descnbed  In  the 
experiments  m  Seric  61  (p  367 )  the  opsonic  index  of  the  ammala  before 
vaccination  was  unfortunately  not  determined  and  hence  the  results  are 
not  as  valuable  for  comparison. 

Carrying  out  experiments  in  this  manner,  the  details  of  which  are 
described  in  Series  61  and  63  (pp.  867  and  368),  it  has  been  posaihle 
to  demonstrate  that  the  blood  of  an  individual  or  animal  vaccinated  and 
immunized  against  pest  usually  shows  an  increased  opsonic  index.  How- 
ever, that  this  was  not  invariably  the  case  may  be  seen  from  the  tables 
given  in  Series  61  and  63.  The  opsonic  power  apparently  varied  some- 
what according  to  the  virulence  of  the  strain  employed,  the  index  usually 
being  higher  with  the  avirulcnt  strain.     No  attempt  was  made  to  demon- 

"  JobTis  Hopkins  Ilosp.  Bull.   (1906),  17,  27. 
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atrato  the  ncgati4C'  phase  of  the  reat-tion  or  to  plot  their  curves,  and  as 
the  normal  opsonic  action  is  known  to  vary  considerably  from  time  to 
time,  this  may  account  for  the  apparent  absence  of  the  increase  of  the 
index  in  some  of  the  cases  at  the  time  of  the  examination  of  tlie  serum. 
Moreover,  tlie  reaction  may  not  in  some  instances  have  reached  its  maxi- 
mum or  it  may  in  others  haie  Itegun  to  decline.  However,  the  general  law 
may  be  determined  from  the  stiidv  of  the  entire  series  of  experiments. 

In  conclubion  it  mav  then  be  stated  that  plague  immune  «erum  acts 
neither  as  an  antitaMC  eerum  nor  afl  <lo  iither  bactcncidal  sera,  but  its 
ittion  mi\  111  ■^ud  to  U  mti  infectious  md  opsanic  m  nature 

EXPEBIME'VT^ 

Sebies  ()1  —DeiermiraiUon  of  the  opsomc  tmU-so  m  guinea  pigs 
Tlie  animala  were  inoculated  with  1  cubic  centimeter  of  a  suspension  of  the 
-,tram  Pest  \  irulent  in  saline  oohition  Thirtj  five  minutes  to  one  and  one  half 
hours  after  the  injection  drops  of  the  abdominal  fluid  were  diawn  off  and  smears 
preparpd  and  stained  Die  aierage  number  of  bacteria  contained  in  fifti  leu 
copjtes  was  then  counted  Unfortunately  the  opsonic  indev  was  not  determined 
befori.  the  amniala  were  laccinated  and  therefore  the  eyperiments  were  performed 
111  normal  ai  well  i-*  in  latcinated  aninuN 


Aninml  No. 

■TestVlru- 
lent"  after 
li  houts. 

J977  (vaccinated]  — 

Vaccinaled  with  2  cultures  "Peat  Avirulent."    Immunity 
tested  later. 

' 

1980  (vaocinaled)  ... 

Vaccinated  with  2  culturea  "Pest  Avlrulent."    Immunfly 
tested  later. 

2IM  (Taccinnted)  _._ 
2162  (vaccinated)  ... 

I  agai  slant  "Pest  Avlrnlent."    Immunitj  tested  later 

Sbbies  S2.— Determmalimi  of  the  opionic  index  in  human  beings,  guineapigs 
and  monk^s. 
This  series  comprised  the  examination  nf  the  opsonic  index  in  both  human 
l)eings  and  animals  vaccinated  against  pest.  The  opsonic  indos  was  tested  against 
the  strain  "Pest  Virulent"  both  before  and  after  the  immunization.  In  a  few 
instances,  after  immunization,  the  opsonic  index  was  also  teat«d  with  two  other 
strains  of  the  pest  bacillus,  as  may  be  seen  from  the  table.  One-tenth  cubic 
centimeter  of  the  serum,  0.1  cubic  centimeter  of  a  thorouehly  washed  suspension  of 
guinea  pig's  corpuscles,  and  0.1  cubic  centimeter  of  a  suspension  ot  the  organism 
"Pest  Virulent"  were  thoroughly  mixed  and  the  resulting  suspension  placed  at 
37°  C.  for  thirty  minutes.  Smears  were  then  prepared  and  stained,  two  hundred 
leucocytes  being  counted. 
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HumaD(ase56 

Human  case  61 
Human  case  6- 

Monkey     261* 

Monkej      2  17 

(normal). 
Guinea  pig  28M 

Guinea  pig  2680 
(vaccinated). 

Guinea  pig  SOfiS 
(normal). 

Guinea  pig  263a 

Guinea  pig  2648 
(vaccinated). 

(vacdnalfld). 

(normal). 
Guinea  pig  2231 

(normal). 
Guinea  pig  1975 

(vacciDateil). 
Guinea  pig  1976 

(vaccinated). 

One  24-liour  agar  cDltuie  "Pest  A  virulent" 

a 

1    culture    imiea      Pest    Virulent 

On«  M  hour  culture   Pett  Avlrulent 
munitj  later  ieBled 

Im 

SJ 

One  24-hour  culture  "Pest  A  virulent.' 

munity  tested  later. 
1  culture  of  killed  "Pest  Virulent.' 

im. 

munity  tested  later. 
One  24-liour  culture  of  "Maasaen  Alt." 
munity  tested  later. 

munity  not  tested. 

Im- 

.46 

... 

Immunity  tested  later. 

— Ejcperiments   relating   to   the   mechanism   of   the   c 


Guinea  pigs  numbered  2152  and  2153  which  had  been  immunized  by  plague 
vaccination  and  nurabers  2757  and  2758,  which  were  not  immunized,  all  received 
intraperitoneallj  1  full  oeae  of  tlie  strain  "Pest  Virulent"  suspended  in  1  cubic 
centimeter  of  saline  solution.  Guinea  pigs  numbered  2162,  2153,  and  2757  each 
also  received  intraperitoneal ly,  at  the  same  time,  1  cubic  centimeter  of  pest 
immune  serum,  and  guinea  pig  numlwr  2758,  1  cubic  centimeter  of  saline  solution. 
Drops  of  exudate  were  taken  from  the  abdominal  cavity  at  intervals  of  from 
twenty   minutes   to   one   and   one -hall   hours   after   inoculation.     Some   of   these 
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Sebies  63 — Continued. 
wPre  dried  and  «tBine<f  and  others  were  examined  in  a  fresh  condifiin  On  micro 
scopic  examination  Here  van  no  evidence  whatever  of  baetenolysiB  either  in 
the  fluid  from  the  aninialN  immunized  and  inoculated  with  immune  serum  or 
in  that  frrm  the  control  animal  (number  27')8)  although  there  was  a  diminution 
in  the  number  of  the  bacteria  which  had  been  inoculated  in  the  exuiates  from  all 
Those  organisni'!  which  vere  present  stained  naturally  and  presented  no  evidence 
of  degeneration 

The  leueocvtes  were  mucl  more  numerous  in  the  preparationa  from  animals 
numbered  2152  and  21'i3  fewer  in  number  in  those  from  animal  number  2757 
and  still  more  scanti  in  those  from  animal  number  2758  At  a  later  period  a 
still  more  marked  reduction  of  the  number  of  the  bacteria  in  the  abdominal 
ej-ulate  from  all  the  animals  oceurred  This  reduction  however  was  more 
marked  in  the  animals  which  had  received  tie  serum  On  the  following  mom 
ing  the  fpiinea  pigs  were  all  killed  with  chloroform  and  the  abdominal  cavity 
in  each  instance  immediately  opened  and  its  contents  examined  In  guinea 
pig  number  2152  there  was  almost  no  local  reaction  ap[arent  about  the  point 
of  inoculation  The  abdominal  cavity  contained  a  small  amount  of  a  tenacious 
fluid  Cover  slips  from  this  exudate  stained  with  methylene  blue  showed  a 
considerable  number  of  polvmorphonuclear  and  large  mononuclear  leucocytes  the 
latter  variety  predominating  None  of  the  leucocytes  contained  any  bacteria 
and  no  bacteria  were  found  fiee  in  the  exuifate  A  small  portion  from  the  edge 
of  the  omentum  was  cut  off  and  nibbed  over  a  glass  slide  and  the  preparation 
stained  with  methylene  blue  This  specimen  showed  innumerable  polymorpho 
nuclear  leucocytes  and  large  mononuclear  endotlielial  phagocjtes  the  majority 
crowded  with  pest  bacilli  There  were  a  number  of  free  organiBms  but  these 
were  swollen  and  frequentlv  stained  irregularly  and  usuilly  faintly  so  in  color 
They  showed  no  capsules  anl  no  bipolar  staining  Many  appeared  as  involution 
forms  It  seems  likeh  that  a  number  of  these  organisms  have  been  extruded  from 
cells  or  that  the  cells  have  b  irst  and  become  destroyed  and  the  bacteria  have 
escaped  This  opinion  is  supported  by  the  fact  that  raanv  bacilh  with  a  similar 
ippearante  were  seen  within  degenerating  cells  or  lying  about  them 

It  appears  evidait  that  the  bacteria  have  become  acted  upon  in  some  manner  by 
the  immune  serum  so  that  the  cells  of  the  omentum  to  which  the  bacteria  have 
been  attracted  are  enabled  to  piik  them  up  in  large  numbers  It  would  seem  that 
the  great  reduction  in  the  number  of  bacteria  in  the  abdominal  cayit>  during  the 
first  hour  after  inoculation  is  not  due  to  the  fact  that  the  bacteria  have  been  des 
tro(ed  but  btciuse  they  ha\e  betn  attracted  to  the  omentum  as  to  a  sponge  That 
the  bacteiia  inside  tie  Uucocytes  were  not  all  dead  was  demonstrated  by  placing 
seme  of  tie  leueocjtes  containing  ingested  baeilli  upon  agar  cultures  It  was 
then  found  fhit  when  the  leucocyte  was  removed  from  its  natural  conditions  in 
t!  e  animal  body  the  bacteria  sometimes  apparently  multiplied  within  the  cell 
and  finally  burst  and  destroyed  it  The  phagocytic  cells  of  the  omentum  evidently 
play  an  important  part  in  pest  immunity  In  guinea  pigs  numbered  2153  and 
2717  very  much  the  same  conditions  were  observed  as  in  number  21j2  The  cells 
of  the  omentum  perhips  contained  not  so  many  bacteria  and  there  were  a  few 
leucocytes  in  tlie  ibdommal  cavity  which  contained  a  few  ingested  bacilli  In 
number  275"  there  was  not  as  much  exudate  present  as  in  number  2152  The  local 
reaction  about  the  point  of  inoculation  was  also  more  marked  in  guinea  pig  number 
2757,  there  being  a  hffimorrhagic  area  about  2  cubic  centimeters  in  diameter  about 
the  point  of  inoculation  In  guinea  pig  number  2758  there  was  a  very  marked 
local  reaction  about  the  point  of  inoculation  with  extensive  htemorrhages  in  the 
tiaaues.  In  this  anima!  there  was  practically  no  fluid  in  the  abdominal  cavity 
although  there  were  some  flakes  and  masses  of  hbrin  containing  a  fair  number  of 
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leucocites  and  tliere  »ere  onh  a  few  bacteria  and  a  modpiate  number  of  lincoejtea 
wliich  contained  bacteria  in  the  abdominal  cavity  Theae  free  orRaninnH  hottner 
took  a  distinct  bipolar  stain  and  some  o(  tliem  appeared  eapaulated  Tilma  inaile 
by  rubbing  portions  of  the  omentnm  upon  glass  slides  and  «tainin({  the  prepain 
tions  showed  numerous  putyniorphonuelear  leucocytes  and  large  mononuclear 
phagocytes  A  number  of  these  contained  bacteria  but  not  nearly  ao  many  cella 
had  ingested  bacteria  aa  in  the  case  of  guinea  pigg  numbered  2152  31')3  and 
2}'>7  neither  wai  the  number  of  bacteria  m  the  cella  so  gieat  Jn  the  abdominal 
exudate  of  these  animals  and  in  the  omentum  there  was  a  distinct  reduction  in 
the  number  nf  the  bacteria  inoculated  and  it  would  appear  that  the  orjitaniamB 
had  invaded  further  into  the  tissues  and  to  other  organs  such  as  the  spleen 
and  even  the  blood  riie  slight  eiidenee  of  phajfocytosis  obaerved  in  this  animal 
would  appear  to  be  due  to  the  fact  tliit  tlie  hacteila  had  not  bten  acted  upon 

Series  64  — lUlaUng  to  the  inerham^m  nf  the  achoi  of  plague  iniiun''  "^wm 

Guinea  pig  nunibei  2S52  One  agar  slant  culture  of  Pest  A  irulent  ftoni 
guinea  pig  number  27f4  second  transplant  was  suspended  in  I  cubic  centimeter 
of  saline  solution  Thii  suspension  together  with  1  cubic  centimeter  of  pest 
immune  serum  waa  injected  into  tlie  abdominal  caiitv  of  the  animal  Micro 
scopic  examination  of  drops  of  flui  1  fioni  the  alHlominal  C4tit>  aftei  t\^enti 
minutes  showed  almost  complete  disappearenee  of  the  bacteiia  There  were 
numertua  large  inononuilear  and  polymorphonuclear  cells  present  none  containing 
bacteria  After  fifty  minutes  there  uas  still  no  evidence  of  bacteria  m  the 
exudate  although  the  leucocj  tcs  were  mr  re  numerous  The  inimal  n  xs  killed  one 
and  one  half  hours  after  inoculation  The  omentum  and  posterior  abdominal  walls 
showed  enormous  numbers  of  bacteria  a  large  number  of  winch  had  been  ingested 
by  leucocytes 

Guinea  pig  numlier  2Si3  One  agar  slant  culture  of  Pest  \  irulent  from 
guinea  pig  number  2862  second  transplant  was  suspended  in  2  cubic  centimeters 
saline  solution  The  animal  w  ts  inoculated  intra  pen  tonenlly  with  this  suspension 
Microscopic  examinati  m  of  drops  of  fluid  examined  from  the  abdominal  cavitj 
»fter  twenty  minutes  showed  numerous  bocteiia  many  in  groups  Comparatively 
few  leucocytes  were  present  After  fifty  minutes  apparently  not  much  change 
had  taken  place  There  were  still  many  bacteria  in  the  exudate  and  a  few  cells 
containing  organisms  Ihe  animal  was  killed  after  one  and  one  half  hours  A 
few  leucoiytes  were  found  in  the  abdominal  exudate  a  number  of  these  con 
tained  bacteria  In  smears  from  the  omentum  enormous  numbers  of  bacteiia 
were  found      There  was  little  evidence  of  phagocytosis 

Guinea  pig  number  2503  unm«ne  guinea  pig  Inoculated  mtiaptritoncilli 
with  1  agar  slant  culture  of  Pest  'S  irulent  from  guinea  pig  number  2"b4 
second  generation  suspended  in  2  cubic  centimeters  saline  solution  Drops  of 
fluid  taken  from  the  abdominal  cavity  after  twentv  minutes  showed  a  few  colls 
md  a  few  free  bacteria  After  fitt\  minutes  numbtrs  of  laigt  mononuclear  cells 
were  visible  in  the  exudate  man*  of  these  were  packed  with  bacteria  others  con 
tained  bacteria  lyng  about  tl  em  These  organisms  did  not  stain  as  deeply  as 
normal  bacteria  The  ai  imal  was  killed  one  and  one  lialf  hours  after  inoculation 
An  extensne  phagocytosis  of  th(  baeterix  b>  the  cells  of  the  omentum  was  found  to 
have  occurred.  But  there  were  also  large  numbers  of  bacttria  which  were  not 
ingested. 

Guinea  pig  number  2854;  One-half  agar  slant  culture  "Pest  Virulent"  (from 
guinea  pig  number  2704,  second  transplant)  was  suspended  in  0,5  cubic  centi- 
meter saline  solution.     To  this  susp^sion  was  added  0,5  cubic  centimeter  of  pest 
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immune  serum  ami  llie  nii\tuve  injected  into  tlie  abdominal  cavity.  Microscopic 
cxii!  Ill  nation  of  drr.[i3  nf  fluid  aft«r  twenty  niinutes  showed  uumerous  bacteria. 
ivitli  but  few  leucocyte'*.  No  evidence  of  phagocytoais  waa  present.  After  aixteen 
lioura  tlie  nninial  was  killed.  A  small  amount  of  sticky  fluid  was  encountered  in 
tlio  abdominal  cuvity,  containing  numerous  poly morpbomie! ear  lencocytes,  the 
(jrent  majority  of  whicli  diil  not  enclose  bacteria.  In  the  few  wiiieli  had  ingested 
l«st  bacilli,  the  organisms  appeared  degenerated.  Very  few  free  bipolar  staining 
orpuusms  were  present,  in  the  omentum  evidences  nf  an  extensive  phagocytosis 
existed.  However,  tliere  were  still  a  number  of  tree  bacteria.  Some  of  the 
iMcteria  had  apparently  invaded  other  organs  of  the  body. 

Guinea  pig  number  2855:  One-lmlf  agar  slant  culture  "Pest  Virulent"  (from 
guinea  pig  number  2704,  second  transplant!  suspended  in  1  culiic  centinieter  of 
saline  solution  was  inoculated  into  tbe  abdominal  eavity,  Mtcroaeopic  exami- 
nation of  drops  of  fluid  froui  tile  abdomen  after  twenty  minutes  showed  numerous 
bacteria  and  comparatively  few  cells.  After  one  hour  a  few  large  mononuclear 
cells  containing  bactflria  were  present.  Tlie  number  of  bacteria  was  considerably 
diminished.  The  animal  waa  killed  after  aixteen  hours.  Very  few  bacteria 
were  found  in  the  abdominal  exudate.  Upon  the  omentum  and  surface  of  the 
abdominal  walls  innumerable  bacteria  were  observed.  There  were  moderate 
numbers  of  leucocytes  present,  some  of  which  contained  .organisms.  Tliere  were 
also  a  number  of  free  iiacteria  which  took  the  bipolar  atain  and  appeared 
eniflpsulated. 

Sembs  65.— Relating  to  the  mcchaiiism  of  the  aclion  of  plague  immune  aera. 
Guinea  pigs  numbered  2751,  2860,  2802,  2864,  2807,  3050,  and  305B  were 
all  inoculated  intraperitoneally  with  1  cubic  centimeter  of  pest  immune  aerum, 
mixed  with  1  cubic  centimeter  of  a  suspension  of  pest  bacilli  of  the  several 
strains  "Pest  Virulent,"  "Maassen  Alt."  and  "Pest  Avirulent."  Guinea  piga 
numbered  2803.  286S,  30fil,  and  3000  were  employed  for  controls  and  were  ino- 
culated with  a  suspension  of  tlie  bacteria  to  which  was  added  1  cubic  centimeter  of 
saline  solution  in  place  of  immune  serum.  Drops  of  fluid  from  the  abdominal 
cavities  of  the  animals  were  examined  from  time  to  time,  from  five  minutes  to  one 
hour  after  the  inoculation,  the  animals  also  being  killed  at  various  periods  after 
tlie  inoculation,  niese  examinations  demonstrated  that  the  "Avirulent"  strains  of 
pest  bacilli  do  to  a  certain  extent  become  swollen  and  undergo  degeneration  under 
the  inHuence  of  plague  immune  serum,  outside  of  the  phagocytes. 

However,  only  a  portion  of  the  bacteria  inoculated  showed  these  clianges,  and 
a  typical  Pfeiffer's  phenomenon  viitli  granular  destruction  of  the  bacilli  does  not 
occur,  the  degeneration  manifesting  itself  by  swelling  of  the  bacilli  and  their 
poor  and  irregular  staining  reactions.  The  experiments  on  these  animals  also 
demonstrated  the  other  phenomenon  of  pbagoeyttMis,  etc.,  encountered  in  the 
experiments  described  in  the  previous  aeries. 

Tlie  individual  protocols  arc  not  further  detailed  here,  the  reults  of  the 
experiments  having  been  fully  described  in  general  in  the  text.      (See  p.  282.) 
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XI.  TFE  ANTI-TNPECTIOUS  POWER  OF  PLAGUE  SEEUM. 

Since  the  report  of  Yerein,  Calmette  and  Borrel  in  1895,"  practically  all 
observers  have  recognized  what  may  be  termed  the  an ti -infectious  action  of 
plague  immune  serum.  The  tiisputed  point  has  been  rather  in  regard  to 
the  extent  of  its  curative  value.  As  has  already  been  mentioned,  it  was 
considered  advisable  to  investigate  to  what  amount  these  anti -infectious 
substances  became  developed  in  the  blood  of  animals  which  had  been  im- 
munized to  plague  infection  by  vat-eination,  and  in  others  immunized 
in  the  same  manner  and  the  immunity  of  which  to  plague  infection  had  in 
addition  been  tested,  in  order  to  ascertain  whether  or  not  these  substances 
could  be  demonstrated  in  the  blood  of  such  animals  in  sufficient  quantities 
for  the  method  of  their  detection  to  be  used  as  a  test  of  the  degree  of 
immunity  obtained  in  the  serum  of  human  beings  vaccinated  against 
plague.  The  method  employed  in  investigating  this  question  was  as 
follows  :  A  rat  was  inoculated  intraperitoneally  or  subeutaneousiy  with  the 
serum  to  be  tested  while  at  the  same  time  the  animal  was  infected  by 
thrusting  beneath  the  skin  near  the  tail  a  syringe  needle  which  had  been 
dipped  in  a  suspension  of  the  virulent  pest  organism.  Numerous  control 
animals  were  inoculated  in  all  the  series.  Eats  were  used  rather  than 
mice  in  these  experiments,  since  a  much  more  accurate  determination  of 
the  value  of  plague  serum  can  be  made  with  these  animals  than  with  mice. 
However,  even  with  rats  there  is  considerable  individual  variation  in  regard 
to  their  reaction  to  plague  immune  serum  Sometimes,  after  infeLtion, 
one  rat  ■will  be  aa\ed  by  a  dose  of  serum,  whereas  another  one  of  the 
same  si7e  and  which  has  received  the  same  amount  of  it  will  '-uccumb 
For  this  reason  it  is  difficult  and  sometimes  impossible  accurately  in 
determine  the  dose  of  serum  which  is  just  sufficient  to  Ba\e  the  animals 
The  method  used  in  testing  the  pri)te(  tion  obtained  bi  the  rats  from  the 
strum  inoculations  was  somewhat  more  seveie  than  that  which  has  been 
used  by  other  obseivers,  the  infecting  neetlle  employed  jn  my  experiments 
being  larger,  however,  in  spite  of  this  it  is  lecognircd  that  the  values  of 
the  immune  sera  which  I  have  ciptrimcnted  with  were  not  high  a  fact 
which  may  be  seen  from  a  ''tudj  of  the  tables 

The  details  of  the  experiments  are  given  m  Series  8,  10,  13,  14,  11, 
1<I,  20.  32,  S7,  45,  53,  and  67  (pp    2M  to  3S8) 

"Anil.  d.  I'itist.  Pasteur  (1865),  9,  5RD. 
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We  learn  from  &  study  of  these  experiments  that  the  anti -infectious 
substances  also  become  developed  verj'  slowly  and  in  very  small  quantities 
in  animals  inimunizeil  against  pest.  While  rabbits  which  have  been 
given  a  single,  small,  intravenous  inoculation  of  either  living  or  killed 
cholera  or  typhoid  bacilli  will  develop  a  serum  which  in  high  dilutions  is 
protective  for  guinea  pigs  against  multiple  lethal  doses  of  these  organisms, 
on  the  other  hand,  rabbits  which  have  been  intravenously  inoculated 
with  large  amounts  of  killed  virulent  or  with  living,  attenuated  plague 
cultures,  yield  sera  which,  when  tested  on  rats  show  apparently  no  pro- 
tective power  whatever  against  plague  infection.  Likewise,  as  large  an 
amount  as  5  cubic  centimeters  of  a  serum  obtained  from  a  rabbit  pre- 
viously inoculated  intravenously  with  20  milligrams  of  artificial  plague 
aggressin  proved  to  possess  no  anti- infectious  power  when  tested  on 
rats.  Monkeys  which  had  been  immunized  against  pest  by  vaccination, 
or  otherwise  by  inoculation,  and  which  had  been  shown  to  be  thoroughly 
immune  by  the  subcutaneous  inoculation  of  multiple  lethal  doses  of 
the  virulent  pest  strain,  furnished  sera  which  also  showed  no  traces  of  anti- 
infectious  power  when  tested  on  rats.  Only  in  the  case  of  one  monkey 
(number  1357}  could  a  slight  anti-infectious  power  be  noted  and  this 
animal  had  received  repeated,  increasing  doses  of  virulent  pest  bacilli 
until  it  resisted  the  injection  of  IJ  agar  slant  cultures  of  the  virulent 
pest  strain.  (See  Series  57,  p.  288.)  This  series  of  experiments  is  par- 
ticularly important  because  it  illustrates  that  the  negative  results  in  the 
demonstration  of  an  anti-infectious  action  obtained  with  the  serum  of 
monkeys  less  highly  immunized  against  pest,  could  not  be  ascribed  to  the 
lack  of  a  suitable  complement  to  complete  the  reaction  in  the  body  of  the 
rat. 

The  sera  of  thirty-three  human  beings  who  had  been  vaccinated 
against  pest  by  the  inoculation  of  attenuated  cultures  were  also  tested,  but 
in  no  instance  did  they  show  any  demonstrable  anti-infectious  value. 
However,  since  animals  which  had  proved  themselves,  thoroiighly  immune 
to  pest  infection  also  furnished  sera  which  conferred  no  greater  protec- 
tion, it  would  not  be  reasonable  to  expect  that  the  human  sera  would  reach 
a  higher  power;  moreover,  the  serum  of  a  convalescent  plague  patient 
collected  five  days  after  the  symptoms  of  the  disease  had  subsided,  also 
showed  no  anti-infectious  value.  Only  in  the  case  of  horse's  serrnn, 
where  the  animal  had  finally  been  inoculated  with  repeated,  large  doses 
of  living  pest  baciUi,  could  any  marked  anti-infectious  action  be  demon- 
strated and  indeed  with  some  of  these  sera  it  required  as  much  as  1  cubic 
centimeter  to  save  the  rat  from  fatal  pest  infection.  Therefore,  it  is 
unnecessary  to  emphasize  further  that  the  absence  of  the  anti-infectious 
substances  against  pest  in  sufficient  quantities  to  be  demonstrated  in  a 
serum  can  not  necessarily  be  regarded  as  an  evidence  of  the  absence  of 
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even  a  considerable  immunity  against  this  disease  in  the  individual  in 
question,  since  in  animals  and  human  beings  known  to  bo  thoroughly 
immune  to  pest  infection  it  has  also  not  been  possible  to  demonstrate 
these  protective  substances. 

EXPERIMENTS   IN  RATS  DKM  ON  STRATI  NC   THE  .^NTNTNFKCTIOUS    POWliK  OF 
PLAGUR   IMMUNE   SERA, 


8. — Experim 


oith  the  species  "Mus  decumai 


One  48-hour  agar  slant  culture  ol  "Feat  Virulent"  (from  guinea  pig  number 
1221,  second  transplant)  was  auapended  in  5  cubic  centimeters  saline  solution. 
A  5  cubic  centimeter  needle  whs  dipped  in  tlie  suspension  and  tlirust  under  tlie 
skin  near  tlie  root  of  tlie  tail  and  then  withdrawn.  Animals  nninl>ered  1252,  1254, 
and  1256  received  peat  iinmuiic  serum  intravcnciusly  just  liefore  beinp  '^tiiek  witli 
the  infect«d  needle. 


h"" 

B„„. 

.„„...„.„... 

ma 

12M 
1256 

Dead  after  5J 

Dena  after  3J 
days. 

Mo  pest  bacilli  found   in  smears  from  hearfs 
blood.   inniirocraMe  from  ruglon  ntsr  point 
of  inofulalion.    Bubonic  abscess. 

Ill  smears  from  spleen. 
Numerous  pest  bacilli  in  heart's  blood. 

Fait  numbers  of  pest  bacilli  in  heart's  blond. 
Animal  verj  siek  Ii.r  7  daji  after  Inoculalion. 
Pettsepticffimla     Fair  numUisot  pest  ba«illi  in 

IcH   post  bacilli     On  examining  the  tissues 

peit    bacilli    are   found     Animal    evidently 
died  of  pest  Inii.xlrjition 
Bubo  of  the  right  inguinal  gland  in  which  psst 
bacilli  are  present.    No  organisms  found  In 
smears  from  the  heart's  blood. 

near    point   of   inoculalion.    None   seen    in 
smears  from  the  heart's  blood. 
No  autopsy. 

eerum  InlrHperlto- 
neally. 

1  cc.  snUpest  serum 
inliftpcritonettlly. 

Dead  after  ^i 
days. 

Dead  after  3 
Dead  after  5 

1  cc  MiUpeal  serum 
intmperltoneally. 
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^Jebies  10 — Fxpeitnifiits  vntk  rats 

One  4 h  hour  ag^i  slnnt  culture  of  Pest  \iiulent  (from  guinea  pig  number 
1221,  seiond  traniplant)  ins  mnpemieil  in  5  cubic  centimeters  of  saline  Bolution 
4  5  cubic  cpntiroeter  Bjringe  needlt  was  dipped  in  tins  su>ipension  and  tluust 
beneath  tbe  skin  near  the  loot  of  tite  tail  of  each  nninial  Aniiiinl<4  nunibeiml 
1265  1287  1268  and  1273  received  intraperitoneal])',  just  before  beinfc  Btiick  with 
the  infected  needle,  eitller  human  Hpruiii  fioui  cines  pieitoush  \accinnteil  iiRainat 
plaf!Ue   or  horses   pest  immune  aeruni 


Animal 
No 

Serum 

Result 

\it  isj  anilrpmarta 

127S 

Dead  after  3\ 
days. 

days. 
Dead  alter  5 

Dead  after  Si 
days. 

Fe>v  pest  bacilli  in  hcarf-i  blood. 

Left  inguinal  bubo,    Smears  from  It  show  nu- 

Noorganlsms  found  In  smears  from  blood,  spleen, 
near  point  of  inoculation,  or  right  axillary 
gland.    Cultures  from  the  heart  and  spleen 
developed  a  tew  colonies  o(  pest  bacUlL. 

peat  bacilli  in  smears  made  from  tlBBues  near 

point  of  inoculation.    Many  bacilli  swollen. 
Very  few  pest  bacilli  in  smears  from  heart's 

blood.    Much  more  numerous  in  smean  from 

the  flank. 
Cover  slips  from  spleen  show  numerous  pest 

Pest  septlneiula     Fair  numbers  of  pest  bacilli  In 

smears  from  heart  >  blood 
Fair  numbers  ot  pest  bacilli  In  -mears  Irom 

Pest  septicemia  Fairtiumbersot  pest  bacilli  In 
smears  from  spleen  InBUiual  buboes  with 
countless  pest  bacilli 

Few  pest  bactut  In  smears  from  heart  s  blood 

Cflaelll. 

human     casis    VI 
3  (!P.  human   sernm 

Dead  after  SJ 
aay«. 

2,R  CO.  anlipcst  serum. 

flays. 

Dead  alter  22 

contained  pest  bacilli     Numerous  onanisms 

Series  13, — Hxperim: 


mth  r 


One  48-liour  agar  slant  culture  "Pest  Virulent"  (from  monkey  number  1282 
first  tranaplant)  was  nnapended  in  6  cubic  centimeters  bouillon,  a  'i  cubic  cen 
tjmeter  syringe  needle  was  dipped  in  this  auspensiou  and  then  thrust  b^ieath 
the  skin  of  each  animal  near  the  root  of  the  tail.  Rat«  numbered  130H,  1  !10,  1312, 
1314,  1310,  1318,  and  1320  received  intra peritoneallj  just  prior  to  being'  stuck 
with  tile  infected  needle,  serum  from  human  cases  or  from  animals  which  had 
previously  been  vaccinated  or  otherwise  inoculated  against  plague 
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58  13 — Continued. 


.  stuck  with  5 
neeflle. 


.    Send    s 
Sdayj 


Innumerable  pest  bacilli   In    smears 

from  spleen. 
Smears  (mm  spleen  show  a  few  bacilli. 

Organisms  very  numerous  near  point 

of  inoculation. 
Few  pest  bacilli  In  smears  from  spleen. 


of  inoculation. 
Numerous  pest  baoll  11  and  post-mortem 

invading    bacilli    (n    smears    from 

spleen. 
Pest   septlcfflmia.    Innumerable    pest 

bacilli  in  smears  from  Ihe  spleen. 
Many  postmortem    Invading   bacilli 

the  spleen. 
Fair  number  of  pest  bacilli  in  smears 
from  spleen,  also  a  number  of  large 
post-mortem  invading  bacilli  present. 

A  (ew  pest  bacilli  in  smeers  from  the 
spleen.    None  found  near  point  of 


ad   beep    previous 


Intravenously   with  5   cubic   eentimeteis  HafTliine'! 
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Semes  14, — Exptrritnenls  vAth  rals. 

A  3-daj  agar  culture  of  "Pest  Virulent"  (first  transplaat)  was  suspended  in 
5  cubic  centimeters  of  bouillon.  A  5  cubic  centimeter  needle  was  dipped  in  this 
auspenaion  and  rata  niimljered  1330  to  1341  inoculated  by  thrusting  the  needle 
aubcutaneously  near  the  root  of  the  tail.  Rats  numbered  1330  to  1337  received 
inttaperitoneallj,  just  prior  to  being  stuck  with  the  infected  needle,  serum  from 
human  cases  which  had  previously  been  vaccinated  against  plague. 


Animal 

Serum  tntra- 
perlton«ally. 

"lated™ 

He.,. 

Autopay  and  Remarks, 

~im 

4   oc.  from 

Stuct  with  5 

Dead  after 

Fair  nnmber  of  pest  baotlli  tn  smeara  from 

c»«U. 

needle. 

»d.yg. 

Mir 

. do 

Only  one  pest  bacillus  found  In  a  smear  from 
the  spleen.    Countless  numbers  near  the 
point   of   fnoculation,    (Edema,    hfemor- 

AMomfnal  cavity  normal  In  appearance. 

1882 

Mr" 

do 

5  days. 

Very  numerous  peet  bacilli  in  smears  from 
the  «pleen. 

m» 

...__do  ______ 

"" 

Dead  after 
Sdaya. 

spleen.    Abdominal  cavity  normal. 

18M 

a.5c^i™n. 

'•■' 

^° - 

spleen. 

1335 

— Ao 

I>«.a  after 
li  day.. 

serum  present.    Fair  numbers  of  pest  ba- 
cilli in  smeara  made  from   ttaaues  near 
point  of  Inoculation. 

IS36 

2.5  CT,  mix- 

do 

I>ead   afl«r 

Fair  number  of  pest  bacilli  In  smears  from 

ture  from 

3  dflya. 

spleen. 

undlO. 

1337 

Dead   alter 
4  days. 

Few  bacilli  In  smears  from  spleen.    Innu- 
merable about  polntof  Inoculation,    mni- 

tiation  and  hffimorrha^e  about  this  area. 

1338 

- do.. 

Dead   after 
Sdaye. 

Fait  number  of  pest  bacilli  In  smears  from 
spleen. 

1338 

•^- 

Dead   afl*r 
4.daj-s. 

Very  numerous  pest  bacilli  In  smears  from 
spleen. 

1340 

- do 

Dead  afler 
M  days. 

No  organisms  In  smears  from  spleen.    Fair 

1341 

_____do 

do 

Fair  numbers  of  pest  bacilli  about  point  of 
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Sbbibs  IS.^Experimcnts  with  rati 

One  48-hour  agar  culture  ''Peat  Virulent  (guinea  pig  number  1216)  su^ 
pended  in  5  oubic  ra'ntimetvrs  bouillon;  a  5  cubic  centimter  needle  wa^  lipped 
in  this  suspension  and  tlien  thrust  beneath  the  skin  near  the  icmt  of  tht  tail  of 
each  animal.  All  the  rats  except  the  two  numbered  1348  and  1313  received  intra 
peritoneally,  just  prior  to  being  stuck  with  the  infected  needle  terum  from  human 
eases  or  animals  previously  vaccinated  agiiinst  plapie 


.5I„, 

""VS"-'" 

How  InocB- 

»,,,. 

"»•""'-»•- 

mi 

1314 
1345 

1S60 

from  case  H. 
2.5     oe.      serum 

Stuclt  with  5 
oc.  needle. 

4  days. 

from  spleen. 
Do. 

tern  invading  bacilli  in  smearB  irom 
spleen, 

spleen.                                                      | 
Nobacilli  found  in  smears  from  spleen. 

spleen,    rnnnmerable  near  point  of 

from  the  spleen, 
A  fair  number  of  peat  bacilli  insmears 

No  pest  bacllH  seen  In  smears  from 
spleen.    A  feiv  posl-morlem  invad- 

spleen, 

from   spleen.    Numerous   postmor- 
tem Invading  bacilli. 
F*wpestbacilinn  smears  from  spleen. 

..-.„....-- 

<io 

ao 

!>  days. 
Dead   after 

2.5e(!.  serum  from 
ftHlmal         No. 

-—do 

-—do _ 

...-do 

Dead   afler 
Dead    arter 

3  days. 

4  days. 

3daj-s. 

^Number  1965  had  Ih 
prophylactic. 


Hosted  by 


Google 


SlLDIEh   I^    rL.\f.UL   IMMLNIii 


Series  I»  — Fa>peTim^nls  wtih  n 


Noven  ber  It  one  4h  hour  aRar  lant  culture  of  Pest  \  irulent  (from  guinea 
I  If,  nuT  b*r  1156  first  transplint)  nas  au-fpen  led  in  B  cubic  cetitimettrB  of 
bouillon  a  5  cubic  centimeter  syringe  needle  waa  dipped  in  this  suspension  and 
eacli  animal  inoculated  bi  tliruating  tlie  needle  beneatli  tlie  akin  near  tlie  root 
of  tlie  taj]  Animals  numbered  138G  to  1407  reoeiied  intraperitoneal ly  just  prior 
to  being  stuck  with  the  infected  needle  serum  fri  m  1  iiii  an  cases  previously  vac 
cinated  a„BinHt  plague      Rat  niimlii    1412  leaned  0  5  cubit  i 


*"rjr 

peritoneally. 

""z^- 

..,. 

Antopsy  and  remarts. 

4,M         cc 

Stuclt  with 

Dead   «tcr 

from  case 

Infcoted 

Sdflvs 

spleen 

13S7 

-"do  — 

needle 

a 

n< 

1388 

4   cc.  from 
case  20. 

do 

do 

^ 

1389 

— -do  — 

do 

DeiUI   after 
■Idays. 

Numerous  pest  bBcllli  tn  smears  from  spleen. 
Numeions  pest  bacilli  in  smeara  frum  spleen, 
places 

1391 

3.S  cc.  flom 

do 

a> 

spleen 

1S92 

do... 

do 

d 

InteslinL     htemorrhagic     tn     places.    Innu- 

.m 

3  cc,  from 
To'' 

do 

do 

\er>  fen  pest  bacllltin  smears  from  the  spleen. 

139S 

3  cc.  from 
case  25 

do 

do 

A  few  pest  baeillt  in  smears  from  the  spleen. 

1396 

case2« 

do 

do 

spleen 

1397 

do-.. 

do 

Dead   after 

A  ver>  few  typical  pest  baoUli  in  smean  from 
spleen 

A  fair  nnmber  of  pest  bacilli  tn  smeam  from 

case  27. 

1S99 

- flo 

ao 

Dead   after 

bactlU  in  smears  from  the  spleen. 

ca.2. 

8  days. 

near  point  of  inoeulatton. 
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ts  19 — Continued. 


^r" 

peritoneally 

How  inoca- 
lated. 

Result. 

Autopsy  and  remarks. 

1401 

5  .c.    from 

Stuck  with 

Dead    alter 

No  pest  bacilli  ioand  In  emeata  Irom  the  spleen 

1402 

case  28. 
4    ec.   from 

infected 

TdajTB. 

or  in  tissues  near  the  point  of  inoculation, 
inoculation,    ftisnotclear  that  this  rat  died 

spleen. 

1403 

-..-do 

-—do 

Dead   after 
3  days. 

do 

Very  few   pest  bacilli  in  ameara  from   the 

140. 

—do 

Dead  day  of 

near  point  of  inoculation. 

H06 

3.2flec.fTOm 

.—do _ 

tJOIl. 

Dead   after 

Very  numerous  pest  bacilli  in  smears  from 

caseSS. 

3  days. 

spleen,      _ 

1401 

do 

Nutnerons  pest  taellU  in  emea'rs  from  spleen. 

4  days. 

■2  days. 

1409 

Dead    after 

A  (air  number  of  typical  pest  bacilli  in  smears 

4  days. 

from  spleen. 

Dead    after 

Vetj-  numerous  peat  bacilli  in  smears  from 

8  days. 

spleen. 

Dead    after 

Do. 

4  days. 

....do 

- do 

pestio 

spleen.    Many  swollen.    A    lew   near   the 

Bcrum. 

point  of  inoculation. 

"" 

..._....- 

Dead   alter 
8  days. 

It  might  he  argued  tliat  not  a  Bufficient  number  of  animals  were  inoc- 
ulated in  the  different  series  with  each  serum  for  the  results  to  be  conclu- 
sive, since  it  is  well  known  that  in  a  series  of  rats  inoculated  with  a  peat 
immune  serum  of  high  value,  a  certain  number  of  animals  are  not  pro- 
tected and  always  die  of  pest  infection  after  inoculation  with  a  virulent 
orgajiism,  and  indeed,  the  single  animal  of  this  scries  inoculated  with  the 
horse's  pest  immune  serum  suecumhed  to  pest.  However,  it  seems  prob- 
able that  in  such  a  long  series  of  animals,  if  there  were  any  the  blood  of 
which  possessed  marked  anti -infectious  power,  the  evidences  of  this  fact 
would  be  presented  by  at  least  some  of  the  animals.  Only  in  the  serum 
of  case  38  is  there  any  evidence  whatever  of  an  anti-infectious  power  and 
there  is  no  further  evidence  of  this  nature  in  any  of  the  other  series 
of  rats  which  have  been  inoculated  with  serum  from  human  cases  vac- 
cinated against  plague.  (Compare  with  Series  33,  p.  381  animals  1454 
and  1455.) 
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Sksies  20.—ExperimenU  with  ralg, 

November  II,  one  70-hour  agar  slant  culture  of  "Peat  Virulent"  (from  guinea 
pig  number  1354.  first  transplant),  was  suspended  in  5  cubic  centimeters  of 
bouillon;  a  5  cubic  centimeter  syringe  needle  was  dipped  in  this  suspension  and 
thrust  beneath  the  skin  near  the  root  of  the  tail  of  each  animal.  Animals  num- 
bered 1423,  1425  and  1427,  142!)  ami  1431  and  1433  received  intraperitoneallj  1  to 
2  cubic  centimeters  of  an  antijiest  immune  scrum  just  prior  to  tieing  Btuck  with 
the  infected  needle. 


n"' 

perltoneally. 

Inoculated. 

Reault. 

Autopsy  and  remarki. 

H2S 

1427 

1429 
1480 

14S2 
14S3 

2  ec.  antiptKt 

Stuck  «lth 

Dead  arifip 
hall  hour. 

Carbolic  acid  poisoning. 

Few  bacilli  in  smears  from  spleen,    lunu- 

of  inoculation.    In  cultures  Iiom  spleen 
no  pest  bacilli. 

Carbolic  acid  poisoning 

Very  uumetoue  pest  bacilli  In  smears  from 
spleen. 

spleen. 
Protiably  carlHilic  poisoning. 

spleen. 

^::;r*- 

4  days. 
U  days. 

a  cc  antipeat 

do 

4  days. 
Alive 

2  cc.  sntipcst 

do 

_:..-do 

4  days. 
Dend   after 
1  hour, 

6  days. 
Alive 

3  days. 
Dead  alter 

Idas. 
D^   after 

a^ay. 

1  cc.  B-nttpeet 

0.5  cc.  anU- 
pcatBerum. 

-—do 

Sehieb  22  — Erpfrinu-nls  with  rats 

On  November  17  one  48  hour  agar  slant  culture  of  Pest  Virulent  (from 
gumea  pig  number  1383  second  transplant]  was  suspended  in  'i  cubic  centimeters 
bouillon  a  5  cubic  centimeter  needlt  was  dipped  in  thi*  suspension  and  thrust 
beneath  the  akin  near  the  root  of  the  tail  of  lacb  animal  Rats  numbered  1453  t« 
1463  inclusive  recened  intrapentoneally  just  prior  to  being  otuck  with  the 
infected  needle  serum  of  monkeys  which  tad  been  prenously  inoculated  and 
subsequently  had  been  shown  to  he  entireh  immune  to  larpe  doses  of  the  "train 
Pest  ViruUnt 
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point  oi  inoculation. 
Ftw  pest  baofLll  in  smt 


>Et  banilll  In  smears  fi^ 
al  bacilli  near  point  of  In 


ulallon. 
I      the  spleoi 


Spleen  greatly  swollen. 


;r  pest  bacilli  in  smea 


•  Monkey  number  12%  wai<inanilat#d  October  20  by  thruetinK  bcneatii  tbeEkin  a  6  cnblu  centim- 
eter syringe  ne«dle  wbich  had  been  dipped  in  a  bouillon  suspension  o(  *n  agar  slant  of  "Pest  Viru- 
lent." It  snAered  a  mild  pest  infection  and  on  October  25  was  rcinoculated  with  2  oesen  of  the 
strain  "Pest  Virulent,"  It  survived  this  inoculation  and  on  November  ]«  was  killed  by  bleeding 
and  the  lalue  of  its  scrum  tested  as  shove.  Its  agglutinative  power  tested  November  IT  was  found 
to  be  enUrely  negative  even  in  dilutions  of  1  or  2. 

tMonkey  number  1278  »»avacclnaled  October  19  with  a  culture  of  "Pest  Aylnilent."  On  October 
!I0  it  was  relnoculated  with  2  oesen  "Pest  Virulent,"  ftiid  proved  to  lie  immune.  It  was  killed 
November  16  by  bleeding  and  the  anti-lnfectlouB  value  ol  its  serum  lealed  as  alwve.  Its  Bggluti- 
■r  tested  November  17  was  entirely  negative  In  dilntlona  as  low  HSlto2orlto4  after 


'    It  suffered 

which  it  survived.    On  Nr 

fovembor  17  and  foiinrt  to  be  entirely  negative  In  dilutions  of 


n  agar  slant  of  "Pest 
October  25  was  inoculated  with  2  oesen  ol  "Pest 
was  killed  by  bleeding  and  liie  atiti-infectiouii 
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htRiES  27  — Expenmenls  wtth  mis 
One  4H  liour  agar  slant  culture  of  "Pest  Virulont"  from  guinea  pig  numbered 
1668,  first  transplant),  was  Ru-ipended  in  5  cubic  centimeters  of  houiHon;  a  5 
cubic  centimeter  syringe  netdle  was  dipped  in  this  suspension  and  thruHt  beneath 
the  skin  near  the  root  of  the  tail  of  each  animal  Rats  numbered  167T  to  1686 
receded  mtraperitoneally  pest  immune  serum  just  before  being  ntuck  with  the 
infected  needle 


■  ally  with— 


Stuck  with 


□embli;  pest  bacilli  in  smears  fco 
>roue  ptsl  bacilli  in  Bmeais  from  spJee 
IS  pest  bacilli  in  smcun  fio 


emears  from  the  spleen. 
Innumerable  pest  bacilli  in  smesis  Irom  tht 
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Series  45 — Fxpcrn/nnts  tt'lk  lohtie  loii 

October  20  one  48  iiour  agar  pultun  of  Pest  \irulent  {from  guinea  pig 
number  2583  second  transplant)  «3S  suspended  in  5  cubic  centimeter?  of  bouillon 
A  5  cubic  eentimeter  syringe  needle  rtaa  dipped  m  thi«  auspension  and  thrust 
beneath  the  skin  of  the  animal  near  the  base  of  the  tail  Ten  of  the  rats  received 
intr-apentoneallv  1  cubic  centimeter  of  pest  immune  serum  at  the  time  of  being 
stuck  with  the  infected  needle,  and  ten  received  the  same  amount  of  serum  twentj 
four  hours  after  the  infettion  Three  recened  at  the  time  of  the  infection 
human  serum  from  a  case  which  had  suffered  from  bubonic  pllgue  and  lecovercd 
The  blood  was  collected  five  days  after  the  "iitiptoms  of  the  difsease  had  subsided 
and  the  serum  separated  and  preserved  in  0  5  per  cent  carbolii.  acid  The  remain 
ing  IS  tats  received  no  neriim. 


Ani^l 

-"Z.'SS"'- 

Infeclcd   ' 
October  26. 

...... 

Autopsy  and  rem  arks. 

~2^ 

Oct,  26,  1  cc.  pesl 

Stuck  with 

Dead  Oct.  30, 

No  pest  bacilli  in  smears  from  spleen. 

dipped  in 

sioii  "Peat 
Virulent.-' 

after  4  days. 

Innumerable  about  point  of  inoc- 

2596 

Oct.  27, 1  ce,  pest 

....do 

Dead  Oct,  31. 

Vcry    few   bacilli    in   amears   from 

Immune  eenim. 

afterSdnys. 

point  of  inoculation 

M97 

do 

afterSflays, 

MBS 

Oct,  26,  1  cc.  pest 

Dead  Nov.  3, 

immune  serum. 

afterSdays, 

spleen      H*morrhagk      ana     at 
point  of   inoculation    lontalnlnn 

Oct.  27, 1  cc.  post 

Dead  Oct.  30, 

Fan  numher  of  pest  bacilli  in  ^mearG 

after  4  days. 

from  the  spleen. 

2600 

do 

Very  nnmeions  pest  bacilli  in  smears 
from  spleen. 

Oct,  26,  1  cc.  pBBt 

Alive    and 

well. 

2602 

Oct.  27, 1  ce.  pest 

-—do 

do 

» 

immune  sernm. 

do 

Dead  Oct.  30, 

spleen. 

after  4  days. 

Oct.  26, 1  cc.  pest 

2005 

Oct.  27, 1  cc.  pest 

do 

Dead  Oct.  31, 

Fair  number  o(  pest  baellli  In  smears 

2«» 

Immune  serum. 

do 

afterSdaja. 

from  spleen. 

BtlcrSflays', 

Oct.  26, 1  ce.  pest 

Few   pest   baeilll   in    smears    from 

iminnne  seruni. 

alter  6  days. 

spleen.      More     numerous      near 

2608 

"^tomuL^B^' 

^"  -— - 

AUvo    and 

2609 
2610 

Oct.  26, 1  cc.  pest 

-—do 

-—do 

immune  serum. 
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Anj™., 

Serum  iiitrgperl- 
toneally. 

or.r.. 

Result. 

Autopsy  and  remarkB. 

~^ 

Oct,  27, 1  cc.  pest 

Stuck  wfth 

Alive    and 

needle 
dipped  In 

sLon"PeBt 
Virulent.' 

D«.d  Oct,  29, 

afteradnys. 

from  point  of  Inoculation. 

Oi;t.  26,  1  M,  peat 

AlWe      and 

well. 

2614 

Oct.  27, 1  cc,  pest 

do 

Dead  Oct.  29, 

Fair  number  of  pest  bacilli  In  smears 

afteradaya. 

2615 

flo 

do 

Modcrals  numbers  of  pest  bacilli  in 

Oct.  2S,  1  cc.  pest 

Dead  Nov  2 

Feu  pest  baillll  In  smears  from  the 

after7daya 

spleen     About  point  of  inotula 
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diameter     Bmeais  from  this  area 

Alive      and 

immune  seram. 

well. 

do 

Namerousp^«t  bacilli  In  smears  from 

alterldnyB 

2619 

Oct.  26,  1  cc.  pest 

_____do  ______ 

Alive      and 
well. 

■mt) 

Ool.  W,  1  cc-  pest 

____-do  

Dead  Nov    2 

Few  swollen  peat  batlill  In  smears 

'""°""'"' 

(itler7rtajs 

about  [oint  of  inoculation  uhcre 
coctlare  also  present 

Dead  Oct  30 

atterldays. 

spleen 

2622 

Oct.  26, 1  cc.  pest 
immune  serum. 

____.do 

*"cll,    "'"' 

262i 
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Dead  Oct  30 
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immune  serum. 

a[ler4da}s 

spleen     Numerous  from  point  of 

mi 

do 

Dead  Oct  29 

fr«m  spleen 

after3daya 

from  spleen 

Oct.  26,  1  cc,  hu- 

Fair number  of  pest  bacilli  in  smears 

man  Bcnira. 

from  spleen 

2627 

from  spleen 

Dcftd  Oct.  30, 

Few    pest  bacilli   in  smears    ftnm 
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Do, 

» 
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do 
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Series  53. — Experiments  with  white  rats. 

November  6,  one  3-day  culture  of  "Pest  Virulent"  from  guinea  pig  number 
2594,  second  transplant,  was  suspended  in  5  cubic  centimeters  bouillon.  A  5 
cubic  centimeter  syringe  needle  was  dipped  in  this  suspension  and  each  rat 
inoculated  by  thrusting  the  needle  beneath  the  skin  near  the  root  of  the  tail.  Ten 
of  the  rats  were  given  subcutaneously  1  cubic  centimeter  of  a  pest  immune  serum 
at  the  time  of  the  infection  with  the  needle.  Ten  others  were  given  the  same 
amount  of  serum  twenty-four  hours  after  the  infection,  and  those  which  remained 
alive  of  the  third  ten  (nine)  were  inoculated  with  1  cubic  centimeter  of  the  serum 
forty-eight  hours  after  the  infection.  Ten  others  were  given  subcutaneously,  at 
the  same  time  as  the  others,  1  cubic  centimeter  of  this  pest  immune  serum,  which 
however  had  been  treated  previously  With  the  virulent  pest  strain  as  described  on 
page  261. 


immune 

Animal 

Infected 
Novembers, 

wjieouslj 

Result, 

A.tof«yandre»„,. 

2768 

i    D    g    e 
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Alive  and 
well. 

2769 
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do 
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Fstrly  numerous  pest  bacilli  about  point  of  In- 
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do 
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■m. 

do 

- do._ 
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2»15 

^° 

__._do.„ 

after  4  days. 

Do. 
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Do, 

Sebies  57 .^Experiments  icith  rats. 
February  23,  one  48-hour  culture  of  "Peat  Virulent"  from  guinea  pig  numbered 
3079,  aecond  transplant,  waa  suspended  in  5  cubic  centimeters  bouillon.  A  5  cubic 
centimeter  syringe  needle  was  dipped  in  this  suspension  and  each  rat  inocubiteil 
by  thrusting  the  needle  beneath  the  skin  near  tiie  root  of  the  tail.  Five  of  the 
rata  were  giving  suboutaneously  varying  amounts  of  serum  from  a  monkey 
(numbered  1357  *)  highly  immunised  against  plague  by  repeated  inoculations  in 
increasing  doses  of  the  strain  "Pest  Virulent."  The  other  rats  which  served  as 
controls  were  given  no  serum. 


1   from     stuck  v, 


monkey  No.  135!. 


!rODi  spleen. 


one-Mill  agar  s 


dated  as  follows:  November2  infected  by  etjeking  with  a  6  cubic 

■  the  strain  "Peet  Virulent".    December  2. 

«ijsly.    December  14  (hree-lllths  of  an  agar 

.  _gar  slant  "Pest  Virulent,"  subculaneously. 

St  Virulent"  anbcutaneously.   Bled  February 
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XII.  CUEATIVE  VALUE  OP  PLAGUR  SERUM. 

The  opinions  of  different  observers  are  widely  divergent  in  regard  to 
the  action  of  pest  immune  serum  upon  the  elinieal  course  of  the  disease 
in  human  beings.  Amost  all  authors  agree  that  in  advanced  eases  of 
infection  the  serum  is  of  no  value.  It  is  not  my  purpose  here  to  enter 
into  a  complete  discussion  of  this  subject.  The  question  has  recently  been 
reviewed  during  the  present  year  (1906)  by  Dujardin-Beaumetz,'"  by 
Choksy,'*"  and  by  Temi."'  In  1905  Banncrman  "  reviewed  the  question 
of  serum  therapy  in  plague  in  India  and  the  earlier  work  has  been  carefully 
summarized  and  considered  by  Dieudonne."^  From  a  study  of  the  cases 
treated  and  reported  in  these  articles,  together  with  the  results  obtained 
from  experimentation  with  animals  in  the  laboratory,  there  would  appear 
to  be  little  doubt  of  the  value  of  the  serum  treatment  of  plague,  provided 
that  the  serum  is  given  early  enough  in  the  course  of  the  disease.  Up 
to  the  present  time  we  have  not  been  able  to  obtain  a  serum  which 
shows  any  demonstrable  antitoxic  value  by  any  known  method  of  pre- 
paration, since  indeed  we  have  been  unable  to  obtain  a  soluble  pest  toxin. 
The  work  of  Markl  upon  this  subject  has  already  been  considered  on 
page  184  of  this  article. 

Besredka's*'  studies  upon  the  endotoxins  of  typhoid  and  pest  bacilli 
may  be  mentioned  in  connection  with  the  question,  but  they  have  not 
been  elaborated  further.  Terni  *^  thought  that  he  was  able  to  prepare 
an  anti-serum  which  was  especially  active  against  the  specific  pest  toxin, 
by  the  inoculation  of  the  animal  furnishing  the  serum  with  peritoneal 
exudates  from  guinea  pigs  dead  of  pest  and  with  the  serum  from  pest 
buboes,  etc.  (natural  plague  aggressin).  Such  a  serum  ho  regarded  as 
being  better  than  those  sera  obtained  by  the  other  known  methods. 
However,  I  have  shown  (see  p,  336)  that  the  immunity  obtained  by  the 
injection  of  natural  plague  aggressin  is  not  of  a  different  nature  from  that 
secured  by  the  inoculation  of  living  peat  cultures  and  that,  while  inocula- 
tions of  natural  plague  aggressin  produce  an  immunity  greater  than  that 
which  can  be  obtained  from  those  of  artificial  plague  aggressin,  the 

"Bull  d   Ihnst  PaeteuT.  (1906),  4,  473. 

"Report  on  the  Treatment  of  Plague,  Bombay  (1906). 

"ZiscAr   f  Hyg   a  InfeotiomkTOnkh.  Leipz.  (1906),  54,  386. 

"Sdetli   Mem   Med   Off.  India   (1905),  20. 

'^Handb   d   path   Uik    (Kolle  &  Wassermann)  1 1904),  4,  949. 

"Aim   d   i'ln-sf   Patteur  (1905),  19,  477, 
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inoculation  of  liying  cultures  of  pest  bacilli  gives  rise  to  a  higher 
immunity  than  either  of  the  first  two  methods  mentioned. 

As  I  have  already  explained  in  diacussing  the  subject  of  the  mechaniBm 
of  the  action  of  plague  immune  serum,  the  serum  exerts  its  immunizing 
effect  primarily  by  binding  through  its  amboceptors  the  receptors  of  the 
plague  bacilli  arid  after  this  change  has  taken  place,  phagocytosis  of  the 
microorganisms  occurs.  The  success  nf  the  serum  treatment  in  plague 
would  appear  to  depend  particularly  upon  the  number  of  plague  bacilli 
in  the  animal  organism  at  the  time  of  the  inoculation  of  the  serum; 
that  is,  upon  the  length  of  time  the  serum  is  injected  after  the  infection 
has  occurred.  If  the  organism  is  already  overwhelmed  with  bacteria  at 
the  time  of  the  introduction  of  the  serum,  almost  no  favorable  change 
will  he  noted  in  the  course  of  the  disease,  because  the  serum  is  merely 
anti-infectious  and  is  not  anti-toxic,  A  study  of  the  experiments  recorded 
in  Series  45  and  53  (pp.  384  and  286)  confirms  these  views.  In  Series 
45  we  see  that  in  ten  lats  inoculated  with  immune  serum  at  the  time  of 
their  infection  with  pest  bacilli,  60  per  cent  survived  and  40  per  cent  suc- 
cumbed to  the  infection,  while  of  ten  rats  which  were  inoculated  with  the 
serum  twenty-four  hours  after  the  pest  infection  only  40  per  cent  survived 
and  60  per  cent  died.  The  experiments  recorded  in  Series  53  are  parti- 
cularly important  in  this  connection.  Here  the  animals  were  inoculated 
with  the  serum  in  three  series :  One  at  the  time  of  the  infection,  a  second 
twenty-four  hours  following  the  infection,  and  the  third  forty-eight 
hours  after  the  infection.  The  mortality  in  the  first  series  was  10  per 
cent,  in  the  second  40  per  cent,  and  in  the  third  66.6  per  cent. 

It  is  true  that  there  is  nothing  new  in  the  idea  that  rodents  may  be 
protected  against  a  fatal  outcome  of  the  pest  infection  by  the  injection 
of  plague  immune  serum  which  has  been  introduced  at  varying  periods 
of  time  after  that  of  the  infection.  In  fact,  as  long  ago  as  1895,  Yersin, 
Calmette  and  Borrel'"'  called  attention  to  the  fact  that  mice  which  had  been 
infected  with  pest  could  be  saved  from  death  if  an  inoculation  of  1.6  cubic 
centimeters  of  pest  immune  serum  were  to  be  given  them  as  late  as  twelve 
hours  after  the  time  of  the  pest  infection.  Moreover,  this  method  is  still 
used  in  the  Pasteur  Institute  and  elsewhere  (usually  with  rats),  for  the 
purpose  of  testing  the  curative  value  of  the  manufactured  pest  immune 
senmi. 

The  German  Plague  Commission  also  found  it  possible  to  save  monkeys 
which  had  previously  been  infected  with  pest  by  the  inoculationof  pest 
immune  scrum  injected  as  late  as  from  twelve  to  twenty-four  hours  after 
the  time  of  the  infection,  and  many  other  observers  have  recorded  numerous 
similar  successful  experiments  in  which  rats  were  employed.  I  therefore 
have  not  called  attention  to  my  experiments  recorded  in  Series  51  with  the 
sole  object  of  again  illustrating  this  action  of  plague  immune  serum; 

"Ann.  d.  I'inst.  Pasteur  (18(15),  9,  691. 
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however,  this  series  of  experiments  serves  to  illustrate  particularly  well 
the  relations  hetvpeen  the  duration  of  the  infection  and  results  of  the  serum 
treatment. 

For  example,  in  the  case  of  rat  number  3797  which  succumbed  from 
carbolic  acid  poisoning  one-half  hour  after  the  injection  of  the  immune 
serum,  an  autopsy  performed  immediately  after  death  showed  that  nu- 
merous pest  bacilli  already  had  invaded  the  spleen.  This  animal  had  been 
infected  with  pest  on  November  6  and  the  serum  was  inoculated  two  days 
later,  November  8.  Eats  numbered  3794  and  2798,  which  were  also 
infected  on  September  6,  died  on  September  8  of  pest  infection  before 
receiving  serum.  At  autopsy  the  infection  likewise  was  found  to  be 
well  advanced  in  both  animals  and  innumerable  bacilli  were  present  in 
eaeh  instance  in  the  spleen. 

It  therefore  seems  fair  to  presume  that,  in  a  good  proportion  of  the 
other  rats  inoculated  on  November  6  with  the  same  sized  dose,  the  infec- 
tion had  also  already  advanced  to  a  somewhat  similar  stage,  and  therefore 
probably  in  many  of  these  animals  the  pest  bacilli  had  also  already  invaded 
the  spleen.  Nevertheless,  33.3  per  cent  of  those  animals  which  received 
the  serum  forty-eight  hours  after  the  time  of  infection  survived.  There- 
fore, these  experiments  demonstrate  not  only  that  animals  may  be  saved 
by  the  injection  of  immune  serum  at  a  period  subsequent  to  the  incurrence 
of  the  pest  infection,  but  that  animals  in  which  the  disease  is  fairly 
weli  advanced  may  also  be  saved  by  the  serum,  the  percentage  of  deaths 
varying  directly  with  the  length  of  the  interval  between  pest  infection 
and  serum  inoculation. 

Choksy,  who  has  a  wide  experience  with  the  serum  treatment  of 
plague,  states : 

Mueii  depends  upon  the  early  and  free  use  of  the  aerum.  In  patients  injected 
on  the  first  day  or  within  a  few  houra  of  the  onset  of  the  symptoms,  one  injec- 
tion of  100  cubic  centimet«rB  followed  by  another  after  6  to  8  houra  and  then 
r  a,  third  after  a  similar  interval,  would  cut  ahort  the  attack  if 
t  pneumonic,  malignant  or  septiCEemJo. 

He  also  emphasizes  the  fact  that  the  earlier  the  serum  is  used,  the 
more  efficacioiis  will  it  be  and  that  if  good  results  are  to  be  obtained 
from  serum  therapy  the  patient  must  be  treated  on  the  first  day  of  the 
illness.  He  admits  that  the  serum  can  not  favorably  influence  all  types 
of  plague,  or  even  the  malignant  forms  of  the  bubonic  type,  but  he  shows 
that  it  is  the  only  treatment  capable  of  saving  a  large  proportion  in  a 
certain  class  of  patients.  Therefore,  it  seems  that  in  man  there  is  a 
narrow  limit  beyond  which  the  antiplague  serum  will  not  act,  but  that 
within  this  limit  its  use  in  man,  as  in  animals,  is  efficacious. 

Boux,  Yersin,  and  Dujardin-Beaumetz  all  emphasize  that  in  the  serum 
treatment  of  plague,  as  in  that  of  cholera,  the  injection  of  the  serum 
must  be  given  intravenously,  on  the  ground  that  the  absorption  from 
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the  cellular  tissue  is  very  slow  and  that  by  the  intravenous  inoculation  the 
organism  may  be  saturated  with  the  antitoxin  immediately  and  by  a 
smaller  dose  than  it  could  be  if  used  subcutaneously.  Dujardin-Beau- 
metz "''  further  remarks  that  in  eases  where  the  pest  bacilli  appear  early  in 
the  general  cireulation,  there  are  additional  advantages  for  the  intravenous 
inoculation  of  serum.  In  my  opinion  in  eases  where  plague  bacilli  are 
already  circulating  in  the  blood  there  is  little  hope  of  a  successful  result 
with  the  serum,  cither  in  man  or  animals.  The  treatment  of  cholera  with 
intravenous  inoculations  of  the  "antitoxic  cholera  serum"  of  Brau  and 
Denier  so  far  has  not  been  very  successful,  apparently  because  the  serum 
does  not  evidence  sufficient  antitoxic  action.  In  plague  immune  serum 
also,  no  matter  by  what  method  it  is  prepared,  as  has  been  demonstrated, 
we  are  not  able  to  obtain  any  antitoxic  action  of  value  and  so,  for  the  same 
reason,  we  perhaps  may  not  be  justified  in  the  hope  of  obtaining  in  plague 
any  different  results  from  the  intravenous  than  from  the  subcutaneous  inoc- 
ulation of  the  serum,  other  than  those  which,  as  the  French  authors  have 
suggested,  would  result  from  its  more  rapid  absorption.  By  the  intra- 
peritoneal inoculation,  as  suggested  liy  Dujardin-Bcaumetz  and  others, 
a  rapid  absorption  of  the  serum  may  also  be  secured.  The  cases  of  plague 
in  which  serum  therapy  will  accomplish  the  best  results  are  those  where 
the  infection  is  still  confined  to  certain  of  the  Ijmph  channels.  There 
is  no  doubt  of  the  great  prophylactic  value  of  plague  immune  serum  but, 
as  was  mentioned  in  Chapter  IV,  the  passive  immunity  conferred  by 
it  disappears  after  a  few  days. 

"  Loc.  dt.,  p.  481. 
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XIII.  VIRULENCE  OF  THE  PLAGUE  BACILLUS. 

INCREASE  OF  VIRULENCE  OP  THE  ORGANISM. 

The  behavior  of  the  pest  bacillus  in  relation  to  its  virulence  is  very 
interesting  and  in  many  respects  quite  unusual,  when  it  is  compared 
with  that  of  the  majority  of  the  microorganisms  giving  rise  to  our  other 
common  infectious  diseases.  The  question  obviously  is  also  a  very  im- 
portant one  from  an  epidemiological  standpoint  and  therefore  will  be 
discussed  somewhat  at  length. 

In  1895,  Yersin.  Calmette  and  Borrel  "  maintained  that  in  a  series  of  passages 
of  the  peat  bacillus  tltoug-h  a  given  species  of  animal,  an  increase  of  virulence 
("a  fixed  virulence")  was  obtained  for  this  species  of  animal  only,  and  that  iiy 
continued  paaaiiges  through  a  series  of  animals  of  one  species,  its  virulence  for 
other  species  became  reduced,  Dujardin-Beaumetz."  during  the  present  year 
aliw  speaks  of  a  hyper- virulence  ot  the  pest  bacillus  obtained  liy  passage  through 
guinea  piga  and  rata.  Hankin  ™  found  that  the  virulence  of  plague  bacilli 
became  reduced  by  passage  througJi  rata  and  that  he  was  not  able  to  kill  more 
than  three  or  four  rats  in  a  series,  even  though  the  culture  in  the  beginning  was 
fully  virulent.  On  the  other  hand,  he  found  that  the  virulence  of  the  organism 
could  be  increased  by  passage  from  mouae  to  mouae. 

Walton,™  also  observed  that  a  virulent  strain  of  jtest  became  attenuated  by 
successive  passages  from  rat  to  rat.  He  used  a  suspension  of  a  portion  of  the 
spleen  of  the  dead  animal  for  infecting  the  second  one.  and  so  on.  He  also  was 
not  able  to  infect  more  than  three  rats  in  a  series  by  this  method.  Otto,'°"  from 
numerous  carefully  performed  enperiments,  concluded  first  that  in  the  passage 
of  pest  bacilli  from  guinea  pig  lo  guinea  pig  without  growth  on  artificial  media, 
there  re.sulted  no  dimunition  in  virulence  of  the  organism  either  for  the  guinea 
pig  or  for  the  rabbit,  rat  or  mouse,  and  second,  that  it  did  not  appear  to  be  pos- 
sible by  passing  the  organism  successively  through  guinea  pigs  to  obtain  a 
substantial  increase  in  the  virulence  of  a  culture  of  sufficient  pathogenesis  at 
the  time  of  the  beginning  of  the  experiment,  to  cause  the  death  of  a  guinea  pig. 

The  Plague  Commission  in  India  under  the  direction  of  Martin  and  Lamb  '™ 
have  also  very  recently  reported  upon  the  effect  upon  its  virulence  of  the  passage 
of  Bacillvs  pestis  through  series  of  rats,  when  the  organism  was  given  by  sub- 
cutaneous inoculation  without  intermediate  culture.  Each  rat  in  the  series  was 
infected  with  a  suspension  of  the  spleen  of  the  animal  which  had  died  previously. 

"Aim    de  I'Inst   Pasteur  (18B5J,  9,  589. 

"Bull   de  llnst  PMteur  (1906),  4,  473. 
'"Eept   of  the  Indian  Plague  Commission   (1899),  2,  22. 
""Rcpt   of  Iniiian  Plague  Commission   (1900),  3,  337. 

'"Zeit  f  Ryg  u  Infeoltonskrankh.  Leipa.   (1002),  41,  380;   (1904),  48,  430. 
•"Jour,  de  Eyg.  (1906),  6,  49C,  S02, 
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It  was  found  possible  to  carry  on  the  series  in  this  war  eis  far  at  the  tuentj  sixth 
passage  when  apparently  the  experiments  were  diseontinued  Tie  rats  were  alt 
wild  Bombav  rats  and  were  not  selected  with  leterence  to  jpeciea  No  evidence 
Ha*i  ottamed  by  these  experiments  that  the  virulence  of  the  bacillus  uaed  for  the 
passages  underHent  anj  attention  nor  »a*i  any  gutn  by  those  in  whiih  cutaneous 
inoculation  if  a,  seriLS  of  rats  uas  attempted  Not witl  standing  the  failure  of 
Otto  and  of  the  Indian  PHgue  Commission  perceptibly  to  increase  the  Mrulence 
of  peat  bacilli  bj  repeat)  d  motulstion  from  guinea  ]  ig  to  guinea  pig  or  fr  m 
rat  to  rat  Dieudonn^  "  states  that  pest  cultures  which  haie  become  weaklv 
iirulent  maj  again  be  rendered  n<re  infectious  bj  repeated  passages  through 
su(.h  animals  as  guinea  pigs  and  rata  He  al  o  recommends  the  passage  from 
the  pneumonic  lung  of  the  infected  animal  to  the  healthy  I  ing  of  the  secon  1 
inimal  suth  as  the  rat  or  ape  and  b(  on  through  a  series  is  a  means  f  increas 
ing  the  iirulencc.  of  this  organism 

Balzaroff  "  also  found  that  the  virulence  of  a  pest  strain  could  be  increase! 
if  it  was  passtd  succeasiiely  for  several  generations  from  the  pneumonic  lung 
of  an  animal   by  nasai  infection   to  the  health*  lung  of  another  one 

An  organism  nhi  h  lad  not  the  poner  of  killing  animals  bv  hjpodermic  inoeu 
lation  was  said  to  be  restored  to  virulence  b\  inoculating  a  guinea  pig  with  it 
in  the  nostril  ind  upon  the  death  of  this  animal  inoculating  Ij  the  same  portal 
of  entry  a  second  one  with  a  portion  of  the  spleen  of  the  first.  After  the  third 
or  fourth  passage  the  organism  was  said  agajn  to  ha\e  beLome  virulent 

Marsh  "  claimed  that  if  the  organism  was  cultivated  at  certain  temperatures 
in  mixtures  of  carbonic  acid  gas  and  ordinary  air  the  bicill  is  increased  in 
uruience  and  retained  its  vitality  for  a  long  time 

Albrecht  and  Gohn  "  and  Krlle  and  Martini  "  also  f  und  that  by  means  of 
rej  eated  animal  passages  without  growth  on  artificial  media  a  strain  of  the  peat 
bacillus  was  rendered  more  i  in  lent  for  the  species  of  animal  employed  in  the 
experiment  and  also  for  other  species  whiLh  nert  markedly  susceptible  to  pest 
On  the  Lontrarj  the  transmiss  on  of  the  pest  \irus  from  rabhit  to  rabbit  ap 
parentty  result*  1  in  a  reduction  of  the  iirulence  of  the  organism 

KoUe  and  Hetnch  "  also  state  that  some  strains  of  pest  bacilli  can  be 
rendered  more  virulent  by  animal  passage 

My  experiments  whith  had  the  object  of  mtreafiing  the  virulpnce  of 
the  pest  bacillus  have  bten  carried  on  m  gumei  pig's  and  inonkejs  md 
both  virulent  and  a\iniltnt  strainB  of  the  orgmism  ha\e  been  used 
However  no  perLeptible  increase  m  virulence  has  been  obtained  for  either 
Tits  guinea  pigs  or  monkeys     Tht  strain    Test  'V  irulent     as  has  already 

^'^Hcmdb.  d.  path.  Mik.  (Kolle  and  Wassermann)  11903),  2,  516. 
""Ann,  d.  rinst.  Pasteur  (1899),  13,  385. 

'"Eep.  of  Indian  Plague  Commission    (18S8-99),   3,   73;   also    (1898-99),   5, 
App.  Ill,  480. 
'"Loc.  cit 

'"Deutsche  med.  Wohmehr.  (1902),  28,  1. 
■"Die  Exper.  Bakt.  u.  die  Infektbnskrankh.,  Berl.  and  VVien  (1906),  214. 
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been  stated,  has  been  passed  successively  for  over  347  passages  from 
guinea  pig  to  guinea  pig  without  growth  on  artificial  meilia.  (See  table 
of  Series  58,  p.  296.)  These  passages  have  occupied  more  than  a  year 
and  a  half.     The  method  of  infection  was  carried  on  as  follows : 

The  flrnt  guinea  pig  of  the  Aeries  was  inoculated  eubcutaneously  with  one  oese 
of  the  strain  "Peat  Virulent"  isolated  from  a  human  case  of  plague.  Upon  the 
death  of  the  animal  two  days  later,  its  spleen  wbb  removed  and  a  portion  of  it 
rubbed  over  a  shaved  area  on  the  abdomen  of  a  healthy  guinea  pig  (the  next 
animal  of  the  aeries).  The  skin  was  sometimes  slightly  scarified  with  a  knife. 
This  method  was  employed  on  the  third  animal,  when  the  second  succumbed,  and 
Ko  on  without  a  break  throughout  the  series.  In  a  few  instances  the  autopsy 
upon  the  animal  and  the  removal  of  the  spleen  did  not  take  place  until  nearly 
forty-eight  hours  after  the  death  of  the  animal.  In  a  few  "thers,  the  spleen  was 
removed  shortly  after  the  death  of  the  guinea  pig  and  placed  on  ice  and  employed 
for  the  nest  inoculation  twenty-four  hours  later.  These  instances  are  all  noted  in 
the  table.     They  caused  no  cliange  in  the  results  of  the  inoculations. 

The  accompanying  table  (58)  shows  that  the  virulence  of  the  organism 
during  this  whole  time  has  not  varied.  Moreover,  its  virulence  not  only 
for  guinea  pigs,  but  for  rats  and  monkeys  as  well,  has  remained  the  same 
at  the  end  of  the  series  as  it  was  at  the  beginning;  this  may  be  seen  from 
the  numerous  control  animals  inoculated  from  time  to  time  with  this 
strain  throughout  the  series  of  animal  experiments  detailed  on  pages  187 
to  288.  A  glance  at  Table  58  shows  that  moderate  differences  in  sus- 
ceptibility exist  in  the  different  guinea  pigs,  the  most  susceptible  dying 
in  from  two  to  four  day?  after  inoculation  and  the  more  resistant  usually 
in  from  seven  to  eight  days.  The  animals  were  not  always  of  the  same 
age  and  weight  and  for  this  reason  some  slight  variation  in  susceptibility 
also  probably  occurred. 

Only  one  animal  survived  for  twelve  days  and  but  one  other  for 
eleven  days  after  the  infection.  These  animals  represent  the  thirty-sixth 
and  one  hundred  and  twentieth  passages  respectively.  The  fact  that  in 
the  thirty-fifth  and  thirty-seventh  passages,  the  animals  died  six  and  four 
days  respectively  after  infection,  and  in  the  one  hundred  and  nineteenth 
and  one  hundred  and  trwenty-first  passages,  four  and  three  days  respec- 
tively after  inoculation,  demonstrates  that  not  even  a  temporary  change  in 
virulence  in  the  organisms  had  occurred  at  these  periods.  The  length  of 
time  the  animals  lived  during  the  thirty-sixth  and  one  hundred  and 
twentieth  passages  therefore  was  probably  due  to  their  natural  and  slightly 
increased  relative  resistance  to  pest  infection.  Animal  number  198  died 
twenty-four  hours  after  its  inoculation.  The  animal  wae  doubtless  sick 
at  the  time  of  the  infection. 
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:b[bs  58. — Showing  passage  of  <fte  strain  "Pest  Virulent"  from  guinea  pig  to  guinea 
pig  througk  t47  animali  by  CJdaneous  inoculalion  from  ihe  «pfeen  of  one  animal  to  the 
abdomen  of  the  next  witfiout  grovitk  on  artifieial  media. 
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—SlioT,ing  panxaije  of  the  strain  "Pest  Virulent,"  etc. — Continued. 
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:  Spleen  1729... 
_  Spleen  174fi... 
.  Spleen  1762... 
.     Spleen  1755__. 

Spleen  17fll.., 
I  Spleen  1766... 
.  Spleen  17S2._ 

Spleen  1764... 


Spleen  1300... 
Spleen  1818... 
Spleen  1819... 
Spleen  1820  t. 
Spleen  1821  ,^ 
Spleen  1831... 


t  Spleen  placed  on  Ice  twenty-faui  houre  before  inoculation 
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Seeiks  58. — Showing  passage  of  flie  afraiii  "Pest  Virulent,"  etc. — Continued. 
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139 
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1835 
1906 

1909 

1934 

1938 
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1956 
1959 

2052 
2066 

2144 
2168 

Mar,  13 
Mftr.  16 

Mw.  21 

Mar.  31 
Apr.     8 
Apr.     7 

Apr.  10 
Apr.  11 
Apr.  14 
Apr.  16 
Apr.  n 
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June  18 

S  leen  1833 

Mar   16  '           3 

*-„„«.. 

Spleen  1834 

Har.  19 

Do 

Do 
.Do 

Mar.  28 
Mac.  21 
MftT.  26 

S":'~ 

Mar.  Si 

Apr.     S 
Apr.     7 
Apr.  11 
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Apr.  14 
Apr.  16 
Apr.  17 
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Do 
Do 

Do 
Do 

Do 
Do 

Do 
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Do 
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Do 
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Spleen  1987 
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Apr.  20             S 
Apr.  24             4 

May     8 
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May    4 
May     ! 
May  33 
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May  16 
May  21 
May  23 
May  28 
May  29 
May  31 

June    4 
June    6 
June   9 

Spleen  1962 
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June  14 
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June  25 
June  27 
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July     3 
July    2 

spleen  2142 

June  29 
July     2 
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tAnim 

8)1941  died  on  Apr.  22.    Notsuwpsi 
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til  May  7 
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68. — Sfiowmg  fiasgnge  of  the  Strom  "I'esl  Virulenl,"  rtc— Continued. 
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Ae  nientioEed  above.  Otto  showed  that  it  was  not  possible  to  increase 
tlie  pathogenicity  of  strains  of  pest  bacilli  of  moderate  virulenco  by 
repeated  passages  through  animals.  The  strains  with  which  he  per- 
formed his  experiments  were  all  capable  of  killing  guinea  pigs  in 
moderate  doses  at  the  time  of  the  commencement  of  the  work. 

I  have  attempted  to  increase  the  virulence  of  a  more  attenuated  cul- 
ture of  the  pest  bacillus  {one  which  in  large  doses  was  not  capable  of 
killing  guinea  pigs)  by  experiments  performed  on  monkeys.  The  strain 
"Avirulent  Manila"  was  employed  for  the  inoculations.  This  organism 
■was  chosen  because  it  had  at  an  earlier  time  ptissessed  a  much  greater 
virulence  and  because  its  pathogenicity  had  been  reduced  artificially. 
(See  p.  310.)  It  was  therefore  interesting  to  see  if  the  virulence  could 
be  redainiel 

Experiment'*  of  this  nature  were  first  undertaken  with  the  idea  of 
ascertaining  how  long  the  attj?nuate<l  organ  «mB  would  remain  alive  m 
the  tissues  afttr  Bubcutaneous  inoculation  The  t*  thnique  of  the  expen 
ments  wai  as  folbws 

T)ie  abdomen  of  a  monkey  uas  first  slaved  and  a  siupenBion  of  the  organiam 
inoculated  aubcutaneousl*  The  skin  was  th  n  carefuUj  massaged  until  the 
fluid  was  apparently  completely  absorbed  After  var^injf  periods  of  time  the  akin 
of  the  aldomen  wa-j  scrubbed  several  times  «ith  etler  and  alcohol  and  a  small 
incision  made  with  a  sterile  knifa  throut,h  the  dermis  Cultures  were  then  taken 
from  the  drops  of  blooi  or  from  the  pus  which  escaped  from  the  incised  wound 

Usually  when  the  injection  wa'(  made  beneath  the  skin  of  the  ab 
domen  a  few  hours  later  about  the  point  of  moLulation  an  cedematous 
swelling  appeared  which  did  not  entirely  disappear  for  forty  eight 
hours  In  an  earlier  series  of  expenments  made  with  a  slightly  more 
attenuated  pest  ctlture  it  was  found  that  the  organisms  were  still  ^ery 
numerous  in  the  tissues  six  to  eight  hours  after  the  inoculation  after 
which  time  they  gradually  disappearei  so  that  cultures  made  twenty  four 
hours  subsequent  to  the  injeotjon  generally  though  not  alwavB  remained 
sterile  It  seemed  prohible  that  the  m>re  resistant  organisms  were  those 
which  remained  alive  m  the  tissues  for  the  longest  time  ani  that  there 
was  a  true  survival  of  the  fittest  An  attempt  was  therefore  made 
to  asctrtain  if  it  would  he  possible  to  murease  the  pathogenicity  of  a 
slightly  more  \irulent  culture  by  this  samt  procedure  As  soon  as  the 
cultures  made  on  agar  from  the  incision  in  the  animal  developed  they 
were  iniculatel  'fuhcutaneously  into  a  second  monkey  and  so  on  through 
out  the  series  The  strain  usel  for  this  series  of  experiments  (  Avirulent 
Manila  )  was  so  attenuated  at  the  time  of  their  commencement  that 
one  34  hour  agar  slant  culture  usually  hut  not  inyanahly  caused  death 
from  subacute  plague  infection  m  a  guinea  pig  of  about  ^"iO  grams 
weight  Th  s  culture  was  passed  through  twenty  fi^e  monke)B  acccrdmg 
to  the  methcd  ibo\e  described     At  the  end  of  this  time  its  virulence 
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was  found  to  be  practicalh  unchaiigp]  The  details  of  ^ll  the  j 
are  given  m  Seriei  'S  which  follows  The  monkeys  employ td  were 
all  of  email  size  The  culturee  were  made  from  the  animal  from 
one  and  one  half  to  twenty  four  hours  after  the  time  of  the  inoculation. 
In  a  fnv  instances  \n  nhith  the  quantity  of  mxiiilated  bicteria  wa*!  large, 
pus  f>rniation  about  the  point  of  injection  was  fcund  to  ha\e  occurred 
on  lUdsmg  the  skin  from  twenty  one  t>  twent}  frur  hours  after  the 
time  of  the  infection  of  the  animal  However  the  organisms  m  the 
pu«  did  not  prove  infet-tio  is  when  inoculated  into  guinea  pigs  m  a  con- 
siderable amount 

Therefore  my  attempts  to  increase  the  virulence  of  a  \ery  Mrulcnt 
pest  =!train  or  to  reclaim  that  of  a  more  atten  nted  one  h-wc  been  entirely 
unsucces'sful  the  orginismb  m  ich  instance  ha\  ng  retamel  i  very 
stable  virulence  throughout 
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Although  the  Injection  was  made 

muscles  and  all  the  fluid  Injected 
was  quickly  absorbed,  neverthe- 
less at  1.30  p.  m.,  when  the  cul- 
tures were  taken,  an  area  of  con- 
siderable cedema  had  developed 

region  of  llie  inoculation. 

present.    However,  In   two   cul- 
tures from  this  organ  in  which  a 

oculated  no  growth  took  place. 
Ko  evidences  of  pest  infection.    2 
cultures  from  spleen  and  2  from 
heart  negative. 

Much  emaciated.    Nothing  to  sug- 
gest plague  at  autopsy,    ^cultures 
from  spleen  negative. 
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Colonies   nearly   cover 
whole  surface  of  slant. 

Very  numerou.^  colonies- 
Culture  negative 

veloped. 
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1 
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One  3-day  agar  slant  culture  from 
cc.  bouillon, 

1  agar  slant  4S-hour  culture   from 

One  48-hour  agar  slant  culture  from 
Two  48-hour  cultures  from  monkey 
One   5-dKy    culture    from    monkey 
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ARTIFICIAL  ATTENUATION  OF  THE  PLAGDE  BACILLUS. 

In  spite  of  the  facts  which  have  been  brought  out  in  the  previous  dis- 
cussion, nevertheless  it  is  true  that  the  virulence  of  different  pest  strains 
as  they  occur  in  nature  varies  greatly,  the  numerous  cultures  isolated  from 
different  epidemics  and  different  cases  of  human  plague  frequently  exhibit- 
ing marked  variation  in  pathogenicity  in  animal  experiments.  It  is  also 
true  that  there  are  a  number  of  references  in  the  literature  which  point  to 
the  faot  that  certain  strains  of  pest  bacilli,  after  growing  for  a  few  genera- 
tions on  artificial  culture  me<lia,  unaccountably  lose  their  virulence.  It 
therefore  is  not  my  purpose  to  argue  that  under  certain  conditions  the  viru- 
lence of  the  pest  bacillus  may  not  vary  from  time  to  time  and  that  it  may 
not  frequently,  under  some  conditions  in  nature,  become  attenuated  and 
under  others,  •'uch  as  its  passage  from  animal  to  animal  even  be  increased 
However,  any  such  change  a=i  the  latter  la  ver\  unusual  and  it  does 
not  occur  under  ordinary  {irtumstancc!  The  important  point  which  I 
wish  to  emphasize  m  the  beha\ior  of  thi"*  organiim  in  its  passage  from 
animal  to  animal  is  its  stability  of  virulence  and  thi«  qualitv  is  also 
possessed  to  v  remarkable  degree  bj  the  oigani'sm  on  artificial  culture 
media 

Virulent  strains  of  the  pest  baciUui  when  grcwn  upon  artihcial  media 
usually  suffer  no  change  m  their  p ithogenicity  eien  atter  long  periods  of 
timt  and  atter  numerous  generations  Cultures  sealed  m  test  tubes  and 
protected  from  light  \nd  heat  have  been  found  to  retain  their  full 
iirulence  for  several  yeirs  Thus  Maassen  found  no  change  of  virulence 
m  culture*  after  two  years  and  N  K  Schultze  "  obscned  that  cultures 
m  bouillon  were  fully  virulent  even  attei  four  years  Attempts  to 
attenuate  the  iirulent  organi&m  in  cultures  ha\e  also  demonstrated  its 
stability  m  pathogenicity  and  have  usuilly  resulted  unsuccessful)} 

Albreeht  and  Gohn  reportpd  that  the  pest  bacillus  could  resist  a  continued 
temperature  of  3l)°  C  for  onlv  about  fourtLen.  days  without  loss  of  virulence 
and  that  after  thia  period  a  rapid  diminution  occurred  However  these  results 
have  not  been  eonfirmed  by  any  other  obsenera  The  German  Plague  Cora 
mission  suspenied  agir  cultures  of  the  organism  in  bouillon  and  exposed  them 
to  a  tempprature  of  51°  C  for  varying  periods  of  time  They  found  that  while 
many  of  the  organisms  «ere  killed  b^  this  treatment  those  which  remained 
aliie  hod  retained  their  full  Mrulence  The>  also  attempted  to  secure  attenua 
tion  of  the  organism  hi  exposing  it  to  carbolic  acid  but  thp^  experiments  were 
also  unsuceesaful 

Kolle  and  Otio  '  found  that  by  growing  the  organism  at  a  continuous  tem 
perature   of  40°   to   41°    C    a   further   attenuatiin   was   sometimes   possible   m 

"'Centrbl.  f.  Bakieriol.  (1901),  29,  Abt.  J,  109. 
"•  iJcuiscftc  med.  WoUnsckr.  (1903),  29,  493. 
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cultures  which  already  were  of  a  low  grade  of  virulence  "  Hptach  has  ex 
perimeiited  ei[tpnsi\elj  inth  the  question  of  the  artificial  attenuation  of  thp 
plague  organism  He  found  that  prolonged  growth  of  the  bacilli  at  temperaturci 
ranging  from  40°  to  45°  C  caused  no  attenuation  ot  the  surviving  organisms 
Cultnation  of  the  germ  in  an  insusceptible  animal  *"ueh  as  the  frog  (in  its 
dorsal  lymph  sac)  also  caused  no  lowering  of  the  virulence  After  experiment 
ing  with  a  numt)er  of  chemical  substances,  particularlj  with  \arious  staining 
reagents  he  found  that  the  most  satisfactory  means  of  attenuation  consisted 
of  cultivating  tlie  organism  in  (latks  of  bouillon  to  which  increasing  amounts  of 
jlcohol   were  gradually  added 

I  ha>e  bten  successful  m  attenuating  two  strains  of  pest  baciUi  bv 
employing  the  mftliod  recommended  by  Hetsch  My  cultures  m  the 
alcoholic  bouillon,  in  iddition,  were  frequcntlj  grown  at  a  temptrature 
of  trom  41°  to  43°  C  The  strains  need  for  the  experiments  were 
those  designatbd  as  "Peat  Virulent'  and  "Pest  Avirulent  Manila '  The 
organism  nis  first  inoculated  into  a  50  cubic  centimeter  flask  containing 
bouillon  after  fortj  eight  hours  growth  at  30°  C  the  alcohol  wa'i  added 
anil  the  flask  placed  at  a  temperature  of  41"  to  43"  C  for  a  period  ubuallj 
of  three  weeks  Cultures  from  the  fla'ik  were  then  inoculated  upon 
agar  for  manj  g*>ntrations,  a  trcsh  one  being  made  each  lia^,  sometimes 
for  one  or  two  weeks,  and  the  organism  usually  cultivated  at  the  same 
high  temperature  Beginning  mth  0  1  cubic  centimeter  of  absolute 
alcohol  and  SO  cubic  centimeters  oi  bouillon  the  amount  of  the  former 
WTS  gradually  increased  in  successne  cultures  up  to  5  cubic  centimeters 
m  50  cubic  centimeters  of  bouillon  In  some  instances  the  alcohol  m 
the  flask  was  increased  each  week  and  m  others  every  few  days  The 
organisms  in  the  flask  containing  the  larger  amounts  of  alcohol  fre 
qucntiy  perished  entirely  ind  m  other  instances,  v.'hcn  inoculations  were 
made  from  them  upon  agar  onlj  a  few  isolated  colonies  developed  m 
the  medium  If  the  former  took  place,  the  cultures  were  obviously  lost 
and  the  last  step  of  the  attenuation  had  then  to  he  repeated  with  the 
previous  transplant  ot  the  more  virulent  organism 

This  methotl  of  ittenuation  does  not  give  quick  results,  and  as 
Hetsch  admits  it  is  frequently  not  satisfactory  for  diminishing  the 
virulence  ot  the  plague  organism  Moreoier  it  sometimes  appears  to 
be  very  inefficient  in  bringing  about  this  change  when  the  strains  are  of 
very  great  virulence  However,  it  would  appear  to  he  the  most  successful 
method  which  has  yet  been  discovered.  The  time  during  which  the 
experiments  were  carried  on  in  the  attenuation  of  the  strain  "Pest 
Avirulent  Manila"  was  a  little  over  seven  months,  and  in  the  strain 
"Pest  Virulent"  about  seventeen  months. 

'"Ztsehr.f.  Syg.  «.  InfectUmskrankh.,  Leipz.  (1904),  48,  443. 
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At  the  time  of  the  beginning  of  the  attenuation  the  strain  "Pest 
Avirulent  Manila,"  when  inoculated  subcutaneously,  killed  guinea  pigs 
of  from  200  to  300  grams  weight  in  doses  of  about  2  oesen.  At  the  time 
the  experimente  were  discontinued,  the  lethal  dose  for  guinea  pigs  of 
the  same  weight  was  about  one  agar  slant  culture,  although  the  animal 
sometimes  even  survived  such  a  dose. 

The  organism  during  the  time  of  its  attenuation  was  grown  for  five 
different  periods  in  the  bouillon  containing  the  different  percentages 
of  alcohol.     Series  59  (p.  312)  gives  the  details  of  the  change  in  virulence. 

At  the  time  of  the  beginning  of  the  experiments  m  the  attenuation  of 
the  strain  "Peet  Virulent"  the  organism  poBsessed  a  virulence  so  great 
that  a  portion  of  a  spletn  of  a  guinea  pig  which  had  died  from  infection 
with  it,  when  it  was  rubbed  over  the  abdomen  of  a  second  guinea  pig 
alwa^'<  caused  the  deith  ot  the  animal  from  acute  plague  infection  and 
')  oesen  of  a  suspension  (prepared  bj  adding  6  cubic  centimeters  of 
fahne  solution  to  a  34  hour  agar  slant  lulture  of  the  organism)  when 
nibbed  o\er  a  shaved  and  scarified  area  on  the  ibdomen  of  a  guinea  pig 
also  invinabh  caused  it  to  suctumb  to  plague  4fter  the  virulent  strain 
had  been  grown  for  nearlv  three  months  in  the  alcoholic  bomllon  4  oese 
of  a  2-i  hour  agar  culture  of  the  organism  when  injected  subcutaneouslj 
into  a  guinea  pig  still  caused  its  death  after  the  experiment  had  been 
carried  on  for  eleven  months  the  virulence  of  the  organism  was  founi 
to  be  buch  that  3  oesen  of  the  48  hour  agir  culture,  when  rubbed  o^er 
a  shaved  and  scarified  area  on  the  abdomen  of  a  guinea  pig  or  the  same 
amount  injected  subcutaneoufth,  no  longer  caused  the  d<ath  of  the  moeu 
lated  animals  However,  J|  agar  slant  after  two  months  more  of  attenua 
tion,  invariably  caused  fatal  infection  \i  the  time  of  the  termination 
of  the  experiments  which  lasted  for  about  seventeen  months  the  virulence 
was  so  reduced  that  ^  agar  slant  culture  of  the  organism,  when  injected 
subcutaneouslv  into  guinea  pigs,  did  not  cause  the  death  of  more  than 
40  per  cent  of  the  animals  so  inoculated,  the  remaining  60  per  cent 
remaimng  alne  and  well  At  the  termination  of  the  experiment  the 
same  original  strain  (unattenuated)  which  had  been  kept  m  a  sealed 
tube  and  protected  from  light  during  the  same  period  of  time  was  grown 
for  two  successive  transplants  upon  fresh  agir  and  its  virulence  again 
tested  It  was  found  that  0  1  oese  of  this  tulture,  when  rubbed  o\er  the 
scarified  abdomen  of  a  guinea  pig,  still  caused  the  death  of  the  animal, 
showing  that  no  practical  decrease  m  the  virulence  of  the  organism  had  as 
yet  occurred.  The  details  of  the  attenuation  of  the  strain  are  recorded 
in  the  series  of  experiments  numbered  60. 
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STEONG. 
if  the  strain  "Pest  Anirwlent  Munila,"  in  guinea  pigs. 


Animal 

Inoculated. 

„„, 

Aulopay. 

11M 

Dead    July 

Numer 

us     pest     baellll      In 

3,  after  5 
days. 

smea 

1166 

July  10,  twooesenatiain  "Pest  Avlnilent 

Dead    July 

Do 

Manila-  subcutaneouely. 

Ifi,  after  fl 

1-.50 

Nov.   14,    one-half   agar  slant   culture 
"Peat  Avlrulent  Manila"  (atlenualed 
&  months)  snbcutaneously. 

well. 

Few 

n  volution      forms     of 

IS,  alters 

plagi 

monlliB)  subcutaneously. 

days    . 

blood 
pedl 

Sl;i  colonies  develo- 
one  culture  and  none 

1655 

Jan.  12,  three-fourths  24-hour  agar  slant 

Alive    and 

culture  -Peat  Avfrulent  Manila"  (at- 

Jan.  15,  one  48-liour  agar  slant  culture 

Dead    Jan. 

te  pest. 

"Peal  Avtmlent  Manila"  (attenuated 

14  days. 

1751 

Feb.  11,  one  30-hour  agar  alant  "Peet 
Avlrulent    Manila"     (attenuated     71 

Alive  and 
well. 

Series  60- — Showini/  the  attenuation  of  the  d 


"Pent  Virulent, "  in- guinea pign. 


„-., 

inoculated.                                   Result, 

Autopsy  and  remarks. 

1763 

2196 
269S 

Nov.  27,  abdomen  shaved  and  rubbed  with 
spleen  of  guinea  pig  No,  1496,  Just  dead  ol 
plague  Irom  Inoculation  of  the  strain  "Pest 
Virulent," 

Feb,  16,  one-half  oeea  Pest  Mrulent  (at 
tenuated  3  months)  eubeulaneouslj 

Dead    De^,    2, 
alter  5  days. 

Dead  Feb     20, 
alter  4  dajs. 

Deal  June  12, 
alter  5  days. 

Numerous  pest  bacilli 

spleen. 
Peat. 
Do. 

Do, 
Subacute  pest. 

De°^'me'l2 

after  ■;  days. 

afleridava. 

ted  8  months)  subcutaneouel)' 

alter7dajs, 
Ailve  and  well- 

Oct,25,  lwooe«en    Peat  Virulent    (attenua 

alter  12  daye- 
AllveanlBelL 

1 
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Series  60. — ShovAng  the  allenuation  of  the  strain  "Pe»t  Virulent,"  efe — Continued. 


'sr 

luoculaleij. 

Result. 

Auwpsy  and  remarks. 

8030 
8031 

SOM 

3140 

8142 
3148 

3147 

Jan.  2t,  one  agar  slant  culture  -'Pest  Vliu- 
leDt"  (stlenuated  14  months)  aubcuta- 
neously. 

Dead  Feb.  5. 
after  T  days- 

Larga   auppuratlag 

Large  cyst- like  bubo. 

monla. 
Subacolspeat. 

Large  bubo.    Subacute 

Subacute  pest. 

Do, 
Not  of  peat  infection. 

Acute  peetlniectlon. 

Jan.  29,  one-half  agar  niant  culture  "Pest 
Vlrulenf  (atlenualed  14  months)  subou- 

Dead    Feb.   11, 
after  13  days. 

JiD.  29,  one-fourth  agar  slant  cullQre  "Pest 
taneoualy. 

after  11  days. 
Alive  and  well.. 

Apr.  25,  one-halt  agar  Wnt  culture  "Pest 
taaeotisly. 

Dead   May    6, 
after  11  days. 

AltTe and  well.. 

after  11  days. 

alter  8  days. 
Dead   Apr.    S6, 
after  l  day. 

Apr.  26,  one-tenth  oese  "Pe«t  Vlrulenf 
(origlnBl)  rubbed  over  abdomen. 

Dead  Apr.  30, 
alter  6  days. 

STABILITY   OF  VIHULENCG   OF   THE   PLAQUE  BACILLUS. 

Theee  experiments,  relating  to  the  artificial  attenuation  o£  the  pest 
bacillus  in  cultures,  as  well  as  those  performed  on  animals  with  the 
view  of  increasing  the  pathogenicity  of  this  organism  all  demonstrate  its 
great  stability  of  virulence. 

In  respect  to  this  phenomenon,  it  is  interesting  to  compare  the  behavior 
of  the  cholera  organism  with  that  of  the  pest  bacillus,  both  in  its  growth 
on  artificial  media  and  in  successive  passages  through  the  animal  body. 
The  cholera  organism  if  left  for  a  few  months  on  culture  media  such 
as  agar,  soon  loses  its  virulence  and  indeed,  frequently  dies  out,  largely 
owing  to  the  autolytie  digestion  of  the  bacteria  which  takes  place.  If, 
instead  of  allowing  the  spirillum  to  remain  in  the  original  tube  in  which 
it  was  inoculated,  it  is  transplanted  for  a  number  of  times  on  agar,  a  rapid 
loss  of  virulence  is  also  obtained.  On  the  other  hand,  this  virulence 
can  quickly  again  be  increased  by  successive  passages  of  the  culture 
through  a  series  of  a  species  of  animal  such  as  the  guinea  pig,  and  in 
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from  fifteen  to  twenty-five  successive  paBsages  the  jnaxirmim  virulence 
of  the  spirillum  can  uauaily  be  reached  if  the  attenuation  has  not  been 
too  great.  Again,  if  such  a  culture  which  has  attained  its  maximum 
virulence  be  left  upon  artificial  media  for  a  few  weeks,  the  virulence 
becomes  greatly  reduced.  This  process  of  increasing  and  of  decreasing 
the  virulence  of  the  cholera  organism  may  be  repeated  at  will. 

On  the  other  hand,  we  have  seen  with  the  pest  bacillus  that  it  is 
impossible  to  reproduce  these  phenomena.  The  pest  bacillus  does  not 
easily  undergo  autolysis  in  old  agar  cultures  and  it  produces  no  ferments 
whuh  are  capable  of  causing  its  own  destruction  Virulent  pest  cultures, 
whether  they  remain  contmuouslv  m  the  ongmal  agar  culture  upon  which 
thev  were  first  inoculated  or  are  transplanted  from  culture  to  culture, 
remain  alive  and  frequently  retain  their  full  virulence,  although  many 
instances  of  spontaneous  loss  of  this  property  occur  Strains  of  the 
organism  of  moderate  viruiente,  but  which  still  kill  guinea  pigs,  can  not 
be  rendered  perceptibly  more  virulent  bv  repeated  passages  from  animal 
to  ammal,  unless  perhaps  it  be  under  certain  special  conditions  and  the 
^ame  applies  to  avirulent  strains  of  the  organism  which  rareJv  kill  the 
animal  except  m  very  Urge  do=ieB 

This  evidence  is  particularly  mttresting  from  an  epidemiological 
standpoint,  when  we  compare  epidennts  of  cholera  with  those  of  plague 
With  the  former  disease,  the  epidemic — no  matter  which  type  it  ma^ 
liter  assume — ^probably  begins  either  by  the  introduction  of  the  virulent 
organism  into  a  new  district  b\  a  sick  individual  who  has  traveled 
from  a  region  where  the  disease  is  already  epidemic  or  by  a  few  cases 
of  infection  m  the  neighborhood  of  the  new  district  which  are  usuallv 
of  a  mild  character  and  may  entirely  fail  to  attract  attention  In  case 
the  water  supply  of  the  region  becomes  infected  from  some  of  these  cases, 
the  organism  havmg  increased  in  virulence  in  its  passage  through  the  more 
susceptible  individuals  with  which  it  has  come  m  contact,  the  epidemic 
may  assume  an  explosive  character  which  is  very  inirked  and  thousands 
of  people  may  be  stricken  within  i  dav  or  two  If  the  epidemic  does 
not  extend  through  the  water  supplj  but  b^  direct  or  indirect  contact 
with  cases  of  infection,  a  better  opportunity  for  its  study  is  usually 
afforded.  It  may  then  frequently  be  observed,  although  obviously  this  is 
not  always  the  case,  that  as  the  epidemic  extends  the  virulence  of  the 
cases  increases  to  a  maximum  and  then  as  the  number  of  cases  slowly 
subsides,  the  severity  also  usualh  becomes  reduced  so  that  within  a 
short  period  of  time,  at  most  withm  a  year  or  two  the  epidemic  has 
either  reached  its  maximum  sevoritv  or  has  entirelv  disappeared  Such 
outbreaks  of  cholera  would  appear  partially  to  be  <iue  (leivmg  meteoro 
logical  influences,  relation  to  soil,  dissemination  of  the  organism,  etc., 
out  of  the  question),  to  a  rise  of  virulence  of  the  cholera  spirillum 
which  is  brought  about  by  the  fact  that  the  more  or  less  attenuated 
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organism  has  come  in  contact  with  a  number  of  particularly  susceptible 
individuals  and  the  period  of  the  epidemic,  under  certain  conditions 
at  least,  eeems  to  be  limited  particularly  by  the  virulence  of  the  organism 
and  by  the  number  of  susceptible  individuals  which  continue  to  be  in- 
fected with  it.  As  the  virulence  of  the  organism  diminishes,  the  number 
of  cases  of  cholera  in  a  community  will  diminish.  Avirulent  cholera 
organisms,  when  grown  on  culture  media  in  the  laboratory,  are  praetically 
harmless  when  ingested  by  all  hut  very  susceptible  human  beings  and 
the  same  is  probably  true  of  the  more  attenuated  spirilla  which  occur  in 
nature.  It  would  then  appear  that  the  instability  of  the  virulence  of 
the  cholera  organism  nmst  frequently  play  an  important  role  in  determin- 
ing the  character  and  duration  of  the  cholera  epidemic. 

How  different  is  the  picture  in  at  least  some  plague  epidemics,  such, 
for  example,  as  that  which  has  been  witnessed  in  India  for  the  past  ten 
years  and  in  which  the  number  of  deaths  reported  each  year  has  almost 
steadily  increased  from  1897  to  1904-5.  The  reported  deaths  in  India 
from  this  disease,  according  to  the  Indian  Medical  Gazette  of  July,  1906, 
are  aa  follows : 


Up  to  end  of 

1807 

118,103 

1906  to  end  of  April  

170,000 

It  can  not  be  argued  that  the  disease  is  becoming  any  more  or  any 
less  virulent  from  year  to  year,  judging  from  the  death  rate,  for  we 
know  that  it  is  still  spreading  and  that  it  has  not  even  yet  extended  over 
the  whole  of  India.  Burma  has  escaped  until  within  the  last  few  months, 
but  is  now  suffering  very  severely. 

Knowing  as  we  do  from  laboratory  experiments  that  the  plague  bacillus 
is  frequently  extremely  stable  in  its  virulence  in  nature  and  that  it  may 
not  easily  become  attenuated  under  artificial  conditions,  knowing  also 
that  the  epidemic  of  this  disease  in  India  has  not  decreased  in  a  period 
of  ten  years,  the  outlook  for  the  extermination  of  the  malady  in  that 
country  by  any  other  means  than  by  the  exhaustion  of  suitable  susceptible 
individuals  and  animals  does  not  now  seem  to  be  hopeful. 

It  is  for  this  reason  that  I  agree  with  Professor  Haffkine,  Colonel 
Eannermann  and  many  others  in  the  idea  that  it  is  certain  that  protective 
inoculation  against  plague  must  become  one  of  the  most  effective  means 
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that  can  be  employed  in  India  for  the  extermination  of  the  malady. 
And  while  c  mbat  g  this  disease  the  ordinary  hygienic  measures 
should  in  y  op  n  on  tainly  not  be  'neglected  and  special  attention 
should  be  g  en  t  Is  ntettion  and  particularly  to  the  destruction  of  rats 
and  fleas,  jet  t  n  gt  b  borne  m  mind  that  m  apite  of  all  these  precau 
ticne  plague  may  cont  nue  to  exist  aa  it  has  and  one  might  almost  say 
will  Lontmue  tw  exist  in  India  intil  the  larger  portion  of  the  susceptible 
population  IS  either  protected  artifit  ally  hy  vaccination  or  nat  iraily  by 
an  attack  of  the  disease  jr  until  the  agents  which  tiansmit  tlie  malady 
become  exhausted 

\s  the  disease  spreads  and  the  organism  becomes  widely  disbemmated 
m  new  district^  and  new  countries  if  the  same  conditions  for  the 
transmission  of  the  maladv  are  to  le  encountered  m  tl  c  newl>  infected 
regijns  we  must  not  bo  surprised  if  the  same  virulence  and  the  same 
h  gh  mortality  cont  nue  Onh  through  the  destruction  of  the  bacillus 
ani  of  the  means  by  which  it  is  conveyed  to  man  (rats  fleas  etc  ) 
and  through  the  exhaustion  ot  tlie  ■lupply  of  the  more  susceptible  human 
beings  does  it  appear  that  some  ej  1 1cmics  of  plague  mav  be  limited 
As  Img  as  the  organisms  m  these  epilemics  ire  sufdcientij  dissem  natel 
and  properly  convejcd  to  man  the  epidem  cs  ma\  continue  for  indefinite 
periods  In  ether  worcis  there  is  not  tl  e  same  hope  ct  a  plagic  epidemic 
wearing  lt^b]f  out  so  to  speak  is  there  is  of  a  cholera  epidemic  domg  so 

On  the  other  hand  it  is  well  known  that  the  severe  epidemics  of 
the  disease  may  be  preceded  ly  sporalic  cases  of  mild  pligue,  and  that 
glandular  swellings  in  cases  free  of  fe\er  have  also  frequently  been  reported 
to  exist,  before  a  more  general  outbreak  of  plague  appears  m  malignant 
form.  The  malady  may  also  increase  in  virulence  it  it  occurs  m  the 
same  locality  in  successive  years,  as  was  witnessed  m  the  epidemic  at 
Bombay  in  1896-97.  We  also  know  as  has  been  pointed  out  by  Simp- 
son,^^"  that  plague  may  begin  in  a  new  locality  then  pass  into  a  very 
virulent  variety  and  after  reaching  epi  lemic  proportions  gradually  return 
to  a  mild  form  of  the  disease;  or,  on  the  other  hand  that  some  epidemics 
may  be  mild  and  others  malignant  throughout 

In  this  connection  it  is  interesting  to  observe  thit  J  F  Piyno"' 
goes  80  far  as  to  distinguish  two  di'-tmct  btrains  of  plague  First  the 
Eastern  Asiatic  strain,  distinguished  by — 

(1)  The  frequent  occurrence  ot  epidemics  of  Feslts  minor  or  mild  plague  (2) 
tlie  absence  of  any  observed  connection  with  tbe  epi?ootic  disease  of  rodents; 
(3)  more  self-limited  epidemics;  (4)  consequently  less  marked  po«er  of  ex- 
tension, for  the  eastern  Asiatic  epidemics  haie  not  in  modern  times  traieled  very 
tar;   (5)  on  the  whole  less  virulence  and  a  lower  percentage  mortalitj 
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Serond,  the  Indo-China  strain  which,  in  contrast  to  the  first,  ia  distin- 


(1)  An  almost  invariable  erainection  «lth  great  mortality  among  rats  and 
leis  frequently  among  other  animali  (2)  leas  frequent  occurrence  of  epidemics 
of  J*es(is  minor  although  it  is  possible  that  further  obaervations  may  show  that 
these  art  commoner  than  has  been  supposed  (3)  remarkable  power  of  extension 
aa  shown  in  its  spread  over  a  large  part  of  India  and  comeyanee  to  many  other 
countries  (4)  in  general  more  intense  virulence  and  higher  case  mortality, 
(5)  the  pneumonic  form  aceompanitd  by  hiemoptysis  is  much  commoner 

However,  the  vanations  m  virulence  of  the  disease  are  dependent 
sometthat  upon  the  differences  in  the  su'it-eiitihihty  of  the  individual 
attacke*)  and  are  not  entirely  connected  with  the  d^ree  of  virulence  of 
the  orgacism,  which  as  we  have  seen  from  a  diBciis&ion  of  this  subject 
may  change  under  tome  of  the  phjsical  conditions  it  meets  m  nature 
and  m  certain  of  the  pasi^ages  through  the  animal  body 

Therefore,  it  must  unquestionably  be  admitted  thit  the  pest  bacillus 
mav  under  certain  conditions  become  attenuated  miny  times  during  the 
course  of  an  epidemic  and  under  certain  others  regain  its  virulence 
Neverthele=«,  the  general  stability  of  its  Mruienre  must  be  recognized,  and 
I  belieie  that  it  is  this  quality  which  may  markedlj  influence  the  nature 
and  course  of  at  least  some  epidemics  of  plague 

The  plague  organism  m  nature  is  not  vor^  resistant  and  easily  becomes 
destroyed  under  certun  conditions,  but  it  frequently  does  not  easily 
become  attenuated   either  m  the  animal  body  or  outside  of  it 


RELATION   BETWEEN   THE  VIEULENCB  OF  THE  PLAGUE  BACILLUS  AND  ITS 
IMMUNIZING   POWER. 

The  question  of  the  relation  between  the  virulence  and  the  immunizing 
power  of  different  strains  of  the  plague  bacillus  obviously  is  an  im- 
portant one  in  its  bearing  upon  the  subject  of  protective  inoculation, 
particularly  with  reference  to  that  form  in  which  the  living,  attenuated 
organism  is  employed.  The  subject  of  virulence  in  relation  to  the 
immunizing  power  of  microorganisms  in  general  has  attracted  consider- 
able attention  during  the  past  few  years.  Pfeiffer,  Priedberger  "''  and 
myself"^  found  that  with  cholera  spirilla  a  greater  immunity  was 
obtained  with  the  more  virulent  organism.  Pfeiffer  and  Friedberger 
employed  four  strains  in  their  investigations.  My  experiments  were 
carried  on  with  two  strains  of  cholera  spirilla  of  widely  different  viru- 
lence, and  I  was  able  conclusively  to  show  that  the  virulent  organism 
upon  inoculation  produced  a  higher  immunity  and  at  the  same  time 
bound  a  greater  number  of  amboceptors  in  a  cholera  immune  serum 

'"Beri,  Klin.  Wchnsch.   (1902),  39,  581. 

"^ Publicatirms  of  tke  Bvreav  of  Govemmsnt  Laboratories,  Manila  (1904),  No. 
21;  1  J.Ea>p.  Med.   (1905),  7,  229. 
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than  did  the  aviruknt  one  At  the  time  of  the  publication  of  these 
e\perinientB  I  stated  that  'these  conchisions  apply  to  the  two  strains 
of  cholera  apir  )la  employed  m  the  foregoing  e\ptriment«  Whether 
the\  will  dho  hald  good  with  other  strain''  of  this  spirillum  or  for  micra- 
organismt,  m  general  must  be  decided  by  further  txpcnmental  work 


1  itudjing  tlie  question  witli  typhoid  baciHi  found  thit  two 
stiains  of  the  organism  whiih  possessed  a  greater  immunizing  poner  and  a 
greater  power  of  binding  smboceptois  than  a  third  strain  were  nevertlieleas  less 
\irulent  From  these  experiments  one  would  oontliide  that  tlie  immunizing  power 
depended  rather  upon  the  binding  power  of  the  organism  than  upon  its  viriileni^ 
During  the  past  year  Meinicke  Taft4  and  Hemmitijr""  have  performed  cJ.rLful 
and  much  more  extensive  experiments  with  tbolera  spirilla  their  imeatigations 
relating  to  the  question  of  virulence  with  reference  to  the  power  to  bind 
amboeeptora  ind  to  immunise  While  in  some  instances  they  found  that  a 
urulent  cholera  culture  wa^  able  to  bind  more  amioceptora  than  an  avinilent 
one  in  the  great  majoritj  of  tlieir  expenmenti  thej  were  ible  to  show  that 
the  binding  power  was  independent  of  Mrulenoe  since  in  mam  instances  the  less 
MTuleiit  culture  bound  a  greater  numler  of  amboceptors  than  the  more  \irulent 

Their  experiment"  referring  to  the  quest  on  of  the  relation  between 
yjrukncc  and  immnni/mg  power  are  not  numeroiit.  as  the  authors 
idmit  Thi=i  setnis  to  me  to  he  unfortunatt  for  b^  mems  of  their 
methods  of  eximination  and  the  lar^e  number  ot  stram«  which  they 
studied  they  were  m  a  position  to  solve  this  problem  conclu'iyely  In 
one  experiment  they  were  able  to  show  that  m  one  mitanee  at  lea^t,  a 
much  attenuated  lulture  was  m  i  rabbit  able  to  gne  rise  to  a  serum  of 
higher  value  than  resulted  from  the  use  of  a  very  virulent  cultuie 
Nevertheless  it  would  appear  that  an  individual  variation  in  immunity 
m  the  rabbit  immunized  with  either  the  virulent  or  the  a\irulent 
organism  might  also  account  for  the  ditEerence  in  immunity  obtained 
and  therefore  it  would  appear  to  be  injudicious  to  draw  decided  con 
elusions  from  this  one  result  Moresier,  it  may  be  neen  in  the  table 
whieh  Meinicke,  Jaffe  and  Flemmmg  compiled,  and  the  faet  is  also 
emphasized  m  the  text  of  their  article  that  with  the  small  doses  m 
oculated  0  1  ind  0  01  oeve  there  was  very  greit  vvnation  m  the  value 
of  the  sera  produced  m  the  different  ribbits  Thus  of  two  animals, 
each  inoculated  with  0  01  oi  ae  of  the  same  culture  one  fumibhed  a 
aerum  showing  a  bactencidU  \alue  of  1  400  and  the  other  of  1  1  000 
However  it  mu&t  be  admitted  that  the  experiments  of  these  authors  not 
only  show  that  with  the  cholera  organism  binding  power  may  be  inde 
pendent  of  virulence  but  they  also  suggest  very  strongly,  if  they  do  not 
prove  eonclueively  the  fiet  that  the  immunizing  power  also  mi\  J-e 
independent  of  \irulenee 

"•Festschrift  Robert  Koch   (1903),  503. 

'"Ztsehr.  f.  Hyg.  u.  InfeoUonskrank.,  Leipz.   (1006),  52,  416. 
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Pfeiffer  "  found  that  in  in  n  unizati  n  against  plague  the  degree  of  immunity 
produced  depended  n  t  onh  upon  the  d  ie  of  tl  e  killed  pest  ulture  but  alao  upon 
the  degree  f  iirulence  of  the  killed  organism  and  concluded  that  the  immuniz 
ing  effett  of  pest  ba  illi  i"  up  to  a  certain  extent  proportional  to  the  urulerce 
of  the  cult  ire  employed  KoHe  and  Martini  "=  found  that  the  less  virulent 
strains  of  pest  hacilli  were  agglutinated  by  an  immune  serum  in  higher  dilutions 
than  more  \ini1ent  ones      However    Shibayama  "  could  not    <mftrin  thia  fact 

In  mj  e\periment'>  in  agglutination  of  pest  hacilli  the  strain  Pe^i 
Avimlenf  was  agglutmatod  moro  eieily  than  Pest  Virulent  but  as 
p&eudo  agglutmitions  oeturred  so  frequently  with  the  former  strain  I 
am  not  willing  to  draw  any  conclusions  from  nij  exjeiiments  in  regard 
to  this  question 

The  pest  bacillui  is  not  a  \ct\  favorable  organiKn  w  th  which  to  study 
the  relation  between  iir  ilence  add  immunizing  power  and  a  particularly 
unfavorible  one  witl  which  to  unlertake  binding  experiment"*  of  the 
amboceptors  m  an  unmnnc  serum  lor  this  reason  I  shall  onlv  briefl) 
discuss  the  results  which  were  obtained  m  immunization  with  several  of 
the  strains  of  lifEercnt  virulence  \s  may  be  seen  from  i  number  of  the 
tabioe  of  inoculation  monkeys  inoculate  1  b>  thrusting  subcutaneously  a 
syringe  needle  which  had  betn  dipped  m  a  suBpension  of  the  strain 
Pest  Virulent  fiequentlj  turvned  the  inoculation  and  later  showet 
themsehcB  to  le  immune  to  pest  mfecticn  On  the  other  hanl  monkeyi 
inoculated  m  the  same  manner  with  a  suspension  of  the  strain  Pest 
Avirulent  alway*  sunived  the  inoculation  but  later  mvariaily  showel 
no  demonstrable  immunity  and  ill  succumbed  to  pest  when  remoculateJ 
with  a  lethal  doiw  of  the  virulent  strain 

Throughout  the  numerous  experiments  performed  m  the  vaccination 
of  guinea  pigh  and  monke>s  «ith  the  strains  Pest  Avirulent  and  pest 
Maassen  Alt  it  became  clearly  lemonstrated  thit  the  latter  organism 
was  distinctly  more  iirulent  than  the  former  This  fact  may  be  eon 
firmc  1  from  a  studj  of  the  series  of  inoculated  animals  given  m  the  tables 
ind  also  from  them  it  may  clearlv  be  seen  that  the  strain  peat  Maassen 
Alt  prwlueed  a  higher  immunity  m  the  animils  which  were  inoculated 
with  it  than  was  brought  about  in  those  inoculated  with  the  strain  Pest 
A\ir  lent       The  following  table  summinzes  these  results 
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•'•Berl.  Klin.  Wchnsch.   (1902),  39,  581. 
'^Deutsche  med.  Wnhasch.  (1002),  28,  45. 
'"Centrbl.  f.  BakterM.  Orig.   (1005),  38.  4 
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Therefore,  my  experiments  would  appear  to  confirm  the  earlier  sug- 
gestions of  R.  PfeJfEer  that  the  immunizing  power  of  the  plague  organism 
is,  within  certain  limits,  proportional  to  its  virulence.  However,  as  my 
work  relating  to  this  question  was  performed  with  only  three  strains  of 
the  pest  bacillus,  it  can  not  be  considered  to  be  conclusive  for  this 
organism  in  general  and  it  can  merely  be  stated  that  with  the  strains 
which  I  have  studied,  the  more  virulent  organism  gave  rise  to  the  greater 
immunity,  and  that  the  immunity  within  certain  limits  was  proportional 
to  the  dose.     (See  experiments,  pp.  199  to  291.) 
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XIV.  RELATION  OF  THE  IMMUNITY  REACTIONS  BETWEEN 
PEST,  RINDERPEST,  AND  HEMORRHAGIC  SEPTICAEMIA. 

The  relation^ip  which  certain  of  the  immunity  reactions  encountered 
in  the  study  of  pest  and  rinderpest  bear  to  one  another  is  sufficiently  close 
to  attract  attention.  Perhaps  the  greatest  resemblance  is  seen  in  the 
action  of  the  immune  serum  in  the  two  diseases,  which  in  each  instance 
is  anti -infectious  in  nature,  possessing  but  little  curative  power.  In 
rinderpest  as  in  plague  there  is  little  hope  of  saving  the  life  of  the  animal 
by  use  of  the  aenini  j±  the  infection  is  well  advanced  before  the  serum 
IS  inoculated  Tht  highe«t  immunitv  m  each  of  theisp  diseases  is  also 
obtained  by  the  inoculation  of  the  living  organism 

However,  the  plague  bacillus  presents  a  more  uniform  structure  m 
the  arrangement  ot  its  receptor's  than  many  of  the  other  organisms  of 
the  hfemorrhagic  septicxmia  group  Thu'*  for  example  it  has  been 
found  ID  swiue  plague  that  a  serum  which  ma'v  show  high  protectne 
power  for  mice  against  sevrral  strains  of  bacilli  of  this  group,  against 
others  will  m  these  inimals  exert  almost  no  beneficial  action  whatsoever 
This  18  not  true  m  the  cabe  of  pest  A  plague  immune  serum  produced 
with  one  pest- strain  posseases  polyvalent  properties  in  th-it  it  will  exert 
its  anti  infectious  action  agamat  all  strains  of  the  pest  bacillus  no 
matter  what  their  source  and  a  plague  polj^alent  strum  is  not  more  or 
less  cffeetne  in  its  action  against  in>  one  of  these  different  strains  of 
pest  than  is  a  univalent  one 

KoUe,  Otto  and  Ket^ch^  *  found  that  guinea  piga  or  rats  onl^  m  very 
exceptional  instances  could  be  imiminiyed  against  pest  infection  by 
treatment  with  large  doses  of  other  li\ing  bacilli  of  the  h^emorrhagic 
septieiemn  group  and  vice  versa,  that  animals  immune  to  peat  infection 
I  irely  showed  an^  immunity  against  these  pest  like  bacteria 

From  these  experiment'-  it  seem?  established  that  the  receptors  of 
the  t«o  groups  of  bacteria  are  specific  and  differ  considerablv  from  one 
another  and  that  the  immunity  is  also  specific  in  each  instance  and  does 
not  depend  upon  the  more  or  less  non-specific  stimulation  of  the  leucocytes, 
as  Terni  ^-'^  has  suggested  in  his  most  recent  publication  on  this  subject. 

In  connection  with  the  ezperiments  relating  to  the  immunity  reactions 
between  pest  bacilli  and  the  organisms  of  the  hiemorrhagic  aepticfemia 
group,  it  may  be  mentioned  that  we  have  noticed  in  Manila  that  cattle 
which  had  been  rendered  thoroughly  immune  to  rinderpest  were  not 
immune  to  hEemoirhagic  septicEemia  and  frequently  succumbed  from 
the  latter  disease.  The  immunity  here  is  also  in  each  instance  specific" 
From  all  those  reasons  and  particuarly  because  apparently  only  ruminants 
are  susceptible  to  rinderpest  infection,  it  did  not  seem  at  all  likely  that 
guinea  pigs  which  had  been  inoculated  with  virulent  rinderpest  blood 
or  with  anti  rinderpest  serum  would  later  show  any  immunity  to  pest 

"'Zisoftr.  f.  Uyg.  u.  Infectionskrankk.,  Leipz.   (1904),  48,  364. 
•"Ibid.  (1906),  54,  3S5. 


Hosted  by 


Google 


322 


STBONQ. 


infection,  but  since  in  testing  antirinderpest  serum  in  the  laboratory 
the  opportunity  presented  itaelf  of  carrying  on  these  experiments,  they 
wiil  hero  be  recorded.  Ten  guinea  pigs  {see  Scries  66)  were  inoculated 
intraperitoneally  each  with  0.3  cubic  centimeter  of  virulent  rinderpest 
blood,  U  1  cubic  centimeter  of  which,  inoculated  on  the  same  da\,  ga\e  rise 
to  a  fatal  nnderpeht  mfPLtion  m  a  steer  The  guinea  pigs  showed  no 
unfavorable  eymptomb  folloHing  the  inoculation  From  om.  to  three 
weeks  later  the  immunity  of  the  animals  to  plague  infection  was  tested 
by  rubbing  a  portion  of  a  plague  spleen  from  a  guinea  pig  juet  dead  of 
pe»t  over  a  shaved  area  of  the  abdomen  of  the  animal'!  to  be  tested  None 
of  the  guinea  pigs  of  the  series  showed  any  plague  immunity  whatever, 
as  ma}  he  seen  from  the  table,  and  all  succumbed  to  acute  plague  infection 
Ten  other  guinea  pigs  (Series  OT)  were  each  inoculated  subcutaneoualy 
with  3  cubic  centimeters  of  fresh  antirmderpett  serum  Six  di3e  later 
the  immunitj  against  plague  of  the  animals  was  tested  bv  the  same 
method  and  all  died  of  acute  plague  infection  from  the  second  to  the 
fourth  dav  after  inoculation  Therefore  no  relationship  in  immunity 
between  these  two  infections  could  be  stablished  by  these  experiments 
anl  the^  ga\e  no  encouragement  for  the  performance  of  siinilar  experi 
ments  on  the  larger  and  mire  expensive  animala   such  as  cattle 

Series  bb  — Guinei  ptgs  )  loeuUited  uilli  iiruknt  nmlirpest  llnul    toll  uvl  bv 
plaqyie    nferhon 


guinea  pig  No.  1703,  Jan.  2 
guIneB  pig  No.  1T<M,  Jsii.2 
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guinea  pig  No.  1712,  Jfttl.B 
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Each  guinea  pig  of  tliH  senei  nas  inoculated  aubcutaneously  with  2  cubic 
eentimeters  of  fresh  aiitinndertieat  serum  Six  days  later  each  animal  was 
reinoculttted  by  massaging  a  ahaied  areu  over  the  abdomen  with  a  portion  of 
a  spleen  from  a  guinea  pig  (No   3058)   juat  dead  of  plague  infection 
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XV.  PLAGUE  VACCINATION  IN  HUMAN  BEINGS. 

It  having  been  conclusively  demonstrated  by  animal  experiments  that 
by  the  method  of  vaccination  against  plague  a  much  greater  immunity 
could  be  produced  than  by  any  other  method  of  inoculation,  and  earlier 
experiments '''  having  demonstrated  the  entire  safety  of  the  inoculation 
of  human  beings  with  large  amounts  of  the  strain  "Pest  Avimlent,"  more 
extensive  vaccinations  were  made  in  man  with  this  culture.  The  size 
of  the  dose  employed  for  an  adult  was  always  one  34-hour  agar  slant 
culture  and  for  children  from  one-third  to  one-half  this  quantity.  Sur- 
prising as  it  may  seem,  the  injection  of  these  large  amounts  of  the 
living  plague  organism  have  not  given  rise  to  any  very  severe  reactions. 
A  few  hours  after  the  inoculation,  the  temperature  of  the  individual 
usually  begins  to  rise.  When  the  injections  have  been  made  in  the 
morning,  the  fever  may  in  the  evening  of  the  first  day  reach  from  38.5° 
to  39°  C.  Only  in  a  few  cases  has  it  touched  40°.  The  temperature 
gradually  declines  on  the  following  day  and  by  the  third  of  fourth  one, 
has  become  normal.  Occasionally,  the  cases  showed  a  moderate  leuco- 
eytosis  after  the  injection.  As  in  the  parlier  experiments,  the  organisms 
were  always  suspended  in  1  cubic  centimeter  of  0.085  saline  solution  and 
the  mocuktions  were  made  deeply  into  the  deltoid  muscle.  Intramuscular 
instead  of  subcutaneous  injections  were  performed  on  account  of  the 
quicker  absorption  which  occurs  from  the  former  method,  and  because 
Meltzer  and  Aner  '^''  found  that  intramuscular  injections  as  regards 
abwrption  in  general  stand  in  value  very  near  that  of  a  direct  injection 
into  the  circulation.  On  the  day  after  the  vaccination  there  ie  usually 
distinct  induration  and  redness  about  the  point  of  the  injection  with  some 
soreness  on  pressure,  but  these  symptoms  subside  in  from  one  to  three 
days.     No  visible  suppuration  of  the  tissues  has  ever  occurred. 

In  order  to  observe  the  length  of  time  during  which  the  organisms 
remained  alive  in  the  tissues,  as  mentioned,  similar  inoculations  were  made 
in  monkeys  and  the  tiseues  near  the  point  of  injection  incised  at  varying 
intervals  after  the  vaccination,  and  microscopical  preparations  and 
cultures  made  from  the  drops  of  blood  which  escaped  from  the  wound. 
The  technique  employed  was  the  same  as  that  used  in  the  experiments 
relating  to  increasing  the  virulence  of  the  plague  organism,  as  described 
on  page  301.     In  the  different  series  of  cultures  made  from  the  animals 

"ThisJaamal  (1906),  I,  181, 
'"Jour.  Exp.  Mei.   (1905),  7,  77. 
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inoculated  with  the  strain  "Peat  Avirulent"  it  was  found  that  from  six 
to  eight  hours  after  the  time  of  the  inoculation  the  organisms  were  still 
very  numerous  in  the  tissues,  after  which  time  they  gradually  diminished, 
and,  usually  after  twentj-fmir  hours,  they  were  no  longer  reelaimable 
in  cultures.  However,  in  several  instances  a  few  colonies  developed  in 
the  cultures  made  after  this  period  of  time.  In  immuliized  animals 
the  organism  was  destroyed  in  a  shorter  period,  the  cultures  made  after 
twelve  hours  frequently  remaining  sterile.  In  these  instances  smears 
from  the  tissues  three  or  four  hours  after  the  inoculation  showed  very 
extensive  phagocytosis  of  the  bacteria.  Therefore,  the  process  of  immu- 
nization occurs  as  in  a  true  vaccination,  tlie  organism  reproducing  itself 
in  the  tissues  for  probably  100  or  300  generations  and  its  successive  groups 
of  receptors  stimulating  the  production  of  corresponding  groups  of  ambo- ' 
ceptors  in  the  animal  body.  It  therefore  is  not  difficult  to  understand 
why  the  immunity  derived  from  vaccination  in  plague  is  greater  than  that 
obtained  from  the  injection  of  the  killed  organism. 

Although  abundant  evidence  had  been  obtained  of  the  immunity  pro- 
duced in  animals  even  more  susceptible  to  plague  infection  than  man 
(guinea  pigs)  by  vaccination  with  these  attenuated  cultures,  yet  it  was 
interesting  to  observe  what  evidence  could  be  discovered,  from  a  study 
of  tiie  blood  serum,  of  the  immunity  resulting  in  human  beings  from 
such  vaccinations.  Therefore,  the  agglutinative  reaction  of  the  blood 
serum  of  twenty-six  of  the  cases  and  the  anti-infectious  power  in  twenty- 
four  were  carefully  studied.  In  order  that  the  experiments  might  be 
carefully  and  completely  performed,  from  10  to  20  cubic  centimeters 
of  blood  was  collected  from  a  vein,  in  each  case  under  aseptic  precautions; 
the  blood  being  drawn  ten  days  after  vaccination  and  the  reactions  usually 
performed  as  soon  as  the  serum  had  separated  from  the  clot.  The  results 
of  these  experiments  have  already  been  recorded  during  the  consideration 
of  the  agglutinative  and  anti -infectious  properties  of  plague  serum.  The 
agglutinative  reactions  are  also  summarized  in  Table  No.  X  (p.  353),  and 
the  anti -infectious  ones  in  the  series  of  inoculations  on  pages  275  to  280. 
Prom  these  tables  it  will  be  seen  that  the  sera  possess  practically  no 
agglutinating  or  anti-infectious  power,  at  least  in  demonstrable  amounts. 
Only  in  a  few  instances  were  there  traces  of  a  reaction.  However,  since 
in  the  serum  of  animals  which  had  been  demonstrated  to  be  thoroughly, 
immune  to  plague  these  substances  (agglutinins  and  anti-infectious  bodies) 
could  not  be  demonstrated,  we  should  hardly  expect  to  find  them  in  the 
blood  serum  of  vaccinated  human  beings.  Plague  agglutinins  and  anti- 
infectious  bodies  only  become  developed  in  demonstrable  amounts  in 
animals  that  have  been  very  highly  immunized  by  large  and  repeated 
inoculations  of  the  organism,  as  has  already  conclusively  been  demon- 
strated. 

The  opsonic  power  of  the  sera  of  the  vaccinated  individuals  was  next 
carefully  investigated   in  eight  instances,  and  this  reaction  proved  to 
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be  a  much  more  delicate  and  accurate  nieins  of  demonstrating  the  exist 
ence  of  an  inimunitv  reaction  f>ll>wing  plague  laccmation  than  those 
already  descnbeil  The  eiperiments  were  ptrformefl  with  the  strain 
'  Pest  Virulent    m  the  following  manner 

The  blood  waa  coUei-ted  10  da'Vi  after  laccinatinn  0  1  cubic  CPntimeter 
of  the  serum  0  1  cubic  centimeter  of  a  suapen>iion  of  a  normal  guinpa  pig's 
naihed  leuoocvtea  and  0  1  cubic  centimeter  of  a  suapeuBion  of  the  Btrain  Pest 
Virulent  were  thoroughly  mixed  and  the  reaulting  suapeniion  placed  for  thirty 
mmutps  at  37°  C  Smears  were  tlien  prepared  and  stained  and  200  Iiucoeytes 
counted  Control  experiments  (f  t(  e  nonphagoc> tic  power  of  the  washed  leueo 
cytes  without  serum  were  always  prepared 

Series  C2  {p  26")  'ihotts  the  opsonic  index  both  before  and  after  vac- 
■  cmition  No  attempt  was  made  by  frequent  examination,  to  demonstrate 
a  nef,atne  phase  immediately  fcllowing  vaccination  or  to  plot  the  curve  of 
the  reattion  As  the  tabic  demonstrates,  there  was  usually  a  distinct 
increafie  m  the  opsonic  index  folbwing  the  inoculation,  but  this  was  not 
invariably  the  ca=ie  The  increase  in  the  opsonic  action  of  the  blood  in 
animals  immunised  ^gi]nst  plague  has  already  be«n  discussed  under  the 
subject  of  the  immunizing  action  of  plague  immune  sera.     (See  p.  S65.) 

The  most  uatisfactorv  test  of  the  demonstration  of  the  immunity  re- 
action m  the  bload  of  the  vaccinated  individuals  was  obtained  from  a 
study  of  the  action  of  the  scrum  in  relation  to  the  phenomenon  of  fixa- 
tion of  the  complement  after  the  method  of  Bordet  and  Gengou.  These 
experiments  have  already  been  referred  to  under  the  discussion  of  the 
mechanism  of  the  action  of  plague  immune  serum.  Hseinolytie  sera 
were  first  prepared  by  inoculating  rabbits  with  goats'  corpuscles;  these 
were  then  collected  from  the  rabbits,  inactivated,  and  their  hEemoIytie 
power  for  a  5  per  cent  suspension  of  serum-free  goat's  corpuscles 
carefully  determined.  Fresh  guinea  pig  serum  was  used  to  furnish  the 
complement,  and  the  minimum  amount  of  complement  for  the  reaction 
also  ascertained.  The  human  serum  to  be  tested  for  plague  immune 
bodies  was  then  inactivated  by  heating  for  one  hour  at  56°  C.  A  suspen- 
sion in  saline  solution  of  a  24-hour  agar  culture  of  the  virulent  pest  strain 
which  waa  free  of  all  clumps  was  employed.  The  experiments  were 
performed  in  the  following  manner : 

One  cubic  centimeter  of  the  diluted  human  inactivated  serum  from  the  vac- 
cinated person  was  added  to  1  cubic  centimeter  of  the  suspension  of  bacteria  and 
the  unit  dose  of  complement  mixed  with  it.  After  one  hour  at  37°  C,  twice  tiie 
dissolving  dose  ot  inactivated  rabbits'  serum  apecifieally  hsmolytie  for  goats' 
corpuscles  and  auapended  in  1  cubic  centimeter  saline  solution  and  1  cubic 
centimeter  of  the  5  per  cent  solution  of  goats'  corpuscles  was  added  and  the 
mixtures  placed  at  37°  C.  for  2  houra.     At  the  end  of  this  time  the  reactions  were 
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noted.  All  the  necesearj  control*  were  also  performed  as  maj  be  aeen  from  the 
tables  where  all  the  details  of  the  reactions  are  given  The  experinientB  were 
performed  with  the  sera  of  four  of  the  bumnn  beiiins  and  of  two  f^inea  piga  winch 
had  been  vaccinated  and  with  tlie  seiutn  of  one  plague  immune  horse  In  each 
of  these  instanoea  the  deflection  of  the  coniplenient  was  obtained,  demonstrating 
the  presence  of  plague  immune  bodies  in  the  gerum  tested.  The  results  obtained 
are  summarized  in  the  following  tables 

Table  No.  XL— Shmdngphen&menono/ fixation  of  the  compUmentvAlh  the  lerum 
of  human  beings  and  animate  vacciiialed  agaimt  plague. 
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Table  No,  XII, — Shomng  phemymenon  of  fixation  of  the  iiomplemfni  with  the  si 
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Therefore,  following  plague  yaccination  in  human  beings,  an  immunity 
reaction  occhtb  which  conBists  in  the  development  of  anti-bodies  thrown 
oif  into  the  circulation  and  whose  presence  may  be  demonstrated  both  by 
the  opsonic  reaction  of  Wright  and  also  by  the  method  of  the  fixation  of 
the  complement  of  Bordet  and  Gengon. 

Since  my  first  report  upon  the  method  of  vaccination  against  plague 
in  man  in  1905,  such  inoculations  have  been  made  from  time  to  time 
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and  during  the  past  year  nearly  200  vaccinations  have  been  performed. 
The  cultures  with  which  I  have  worked  liave  proven  themselves  to  be 
entirely  safe  for  human  beings  ""  and  I  have  observed  no  unfavorable 
results  in  the  inoculated.  However,  as  emphasized  in  my  previous  com- 
munication, vaccinations  against  plague  should  not  be  made  in  man 
unless  the  investigator  can  guarantee  the  particular  organism  with  which 
he  is  working  to  be  of  sufficient  attenuation  to  be  no  longer  dangerous 
for  human  beings.  Strains  of  the  bacilli  which  invariably  no  longer 
kill  guinea  pigs  of  350  grams  weight  upon  suhcotaneous  inoculation  in 
amounts  of  one  agar  slant  culture  are  probably  safe  in  small  amounts 
for  human  beings.  Owing  to  the  great  stability  in  virulence  of  the 
plague  bacillus  under  certain  conditions,  its  use  in  vaccination  is  much 
simplified. 

During  the  past  year  and  a  half  I  have  been  able  to  detect  no  change 
either  in  virulence,  toxicity,  or  immunizing  power  in  the  strains  with 
which  I  have  performed  my  vaccinations  in  man  and  in  animals.  The 
cultures  apparently  possess  the  same  immunizing  power  to-day  as  they 
did  at  the  commencement  of  the  experiments.  However,  it  is  very 
probable  that  they  could  be  further  attenuated  by  the  artificial  means 
previously  described. 

Douglas  and  W.  Bullock  ^^*  (whose  article  on  plague  has  j'uat  appeared 
in  Allhutt  and  Kollcton's  Sj^tem  of  Medicine  as  my  artitle  goes  to  press) 
m  commenting  upon  my  work  in  vaicmation  agami^t  plague  make  the 
following  fttatement 

Naturally  very  grett  care  would  be  neccssari  in  recommending'  a  method  like 
thig  on  a.  big  stale  in  plague  stricken  eommuiiitiea  as  from  unforeseen  circum 
stances  the  \iru!enee  might  iwreaae  and  pHgue  be  induced 

As  I  hive  pointed  out,  thtre  is  no  evidente  to  support  this  statement, 
and  my  cultures  whitli  for  nearly  two  years  have  been  used  at  internals 
m  human  bemgs  are  as  safe  for  use  m  man  to-day  as  they  were  at  the  time 
of  my  first  inoculations. 

'"The  accident  in  relation  to  some  inoculations  which  recently  occurred  in 
Bilibid  Prison  in  Manila  and  about  which  a.  report  will  shortly  be  made,  was  not 
due  to  these  plague  vaccinations. 

'"Allbutt  and  Rolleston;   System  of  Medicine  (1007),  2,  part  2,  408. 
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mdpx  whether  the  individual  haa  acquired  a  satisfactory  immunity  from 
the  first  vaccination 

Owing  to  the  complexity  of  the  experiments  neteshary  for  the  determi- 
nation of  the  phenomtntn  of  the  iixation  of  the  complement  m  the 
senm  of  the  vaLcmated  this  method  will  prohably  ne\er  assume  piac 
tieal  value  for  the  determination  m  a  large  number  of  cases  of  the 
degree  of  plague  immunity  acquired 

Piofesfior  Kitasato  m  a  recent  address  published  m  a  pre\Kus  number 
of  this  JouKNAi  '""  made  the  etatenjent  that 

Plague  la  not  only  ol  jectionable  to  thp  people  of  a  locality  but  it  ib  ^n  enemy 
to  mankind  itl  general  All  civilized  natiraia  must  fight  this  eommon  enemy 
I  believe  tbere  should  be  an  international  conference  to  liiocuss  a  plan  to  collect 
money  and  to  frganue  an  international  army  to  coml  at  and  linquieh  this 
disease  wherever  it  appear?      Expedition*"  should  be  ■Jent  to  (he  interior  regions 

'*>rhis  Journal  (1906),  1,  465. 
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of  India  and  South  China.  The  cost  of  such  an  enterprise  would  be  only  a  small 
part  of  what  the  civilized  nations  are  constantly  expending  in  keeping  armies  and 
navies.  Even  the  amount  which  every  country  ia  spending  for  tlie  prevention  of 
the  pestilence  would  suffice.  My  suggestion  only  lacks  a  leader,  and  I  see  that 
the  United  States,  one  of  the  greatest  nations  of  the  earth,  has  such  a  leader 
in  the  person  of  its  president,  Theodore  Roosevelt,  who  has  already  done  bo 
much    for   humanity   and   whose   noble   works   are   being  admired   by   the   whole 

It  is  obvious  that  sufficient  attention  is  not  being  given  to  combating 
this  disease  in  its  endemic  centers  and  from  which  there  is  continued 
danger  of  invasion  by  the  pestilence  into  other  countries.  This  fact  is 
conclusively  demonstrated  because  the  disease  is  not  markedly  decreasing 
in  these  centers.  Indeed  it  would  appear  that  India  is  at  present  suffer- 
ing from  an  epidemic  of  plague  equal  to  the  one  which  occurred  there 
in  1904.  The  official  monthly  returns  from  that  country  for  the  present 
year  (1907)  show  68,438  deaths  from  plague  in  January,  98,397  in 
February  and  171,523  in  March.'" 

During  the  past  year  the  British  Indian  Plague  Commission,  under 
the  direction  of  Martin  and  Lamb,  have  by  their  very  important  studies 
thrown  much  light  upon  the  question  of  the  manner  of  transmission 
of  the  disease.  Frequent  reference  has  been  made  in  the  present  article 
to  their  researches  as  well  as  to  the  very  valuable  ones  of  Kolle  and  his 
pupils  in  Berlin,  and  it  is  hoped  that  the  laboratory  investigations  of 
these  observers  together  with  the  studies  of  Kitasato  in  Japan  will 
serve  further  to  stimulate  more  active  work  in  the  extermination  of  this 
pestilence. 

From  my  investigations  it  would  appear  that  general  vaccination  in 
the  endemic  centers  will  be  a  valuable  means  of  assistance  in  accomplish- 
ing this  end. 

"'Lancet.   (1907),  1,  1200. 
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THE  PHILIPPINE 

Journal  of  Science 

B.  Medical  Sciences 


NEGATOR  AMERICANUS  IN  NATIVES  OF  THE  PHILIPPINE 

ISLANDS." 


By  Clarence  L.  Cole." 


In  the  routine  examinations  of  patients  admitted  to  the  United  States 
-Vrniy  Hospital  at  Manila,  P  I  many  members  of  Philippine  Scout 
organization'*  and  native  ciMlian  oniployee^  have  been  found  to  ha\e  a 
few  ova  of  TJncinana  m  their  stools  In  these  case«  the  presence  of 
Unciiuina  has  not  made  itself  manifest  clinically  to  such  an  extent  that 
a  diagnosis  of  uncinariasis  has  often  been  made,  and  as  many  of  these 
patients  base  been  admitted  from  temporary  stations  m  the  field,  where 
microscopical  examinations  could  not  be  undertaken,  they  were  therefore 
sent  to  the  hospital  accompanied  bj  a  different  diagnosis  It  has  been 
customarv  to  accept  Vncxnana  o\a  as  belonging  to  the  Old  World  cpecies, 
without  studying  the  adult  parasites  obtained  after  the  administration 
of  vermicides  to  those  patients  whose  stools  have  shown  ova,  because  of 
the  fact  that  no  other  varieties  of  Vncinaria  have  been  reported  from 
the  Philippine  Islands. 

In  September,  1906,  a  private  of  the  Twenty-eighth  Company,  Philip- 
pine Scouts,  was  admitted  to  the  llivision  Hospital,  Manila,  P.  I.,  and 
ova  of  Uncmaria  were  found  in  his  stool,  they  being  more  abundant  in 

■  Read  at  the  Fourth  Annual  Meeting  of  the  Philippine  Islands  Medical  As- 
sociation, Manila,  February  28,  1907,  with  the  permisaion  of  the  chief  aurgeon, 
Philippines  Division,  Manila,  P.  I. 

'First  lieutenant  and  assistant  surgeon,  United  States  Army;  pathologist  and 
bacteriologist.  United  States  Army,  Division  Hospital,  Manila, 
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this  case  than  in  any  other  which  had  been  exaniinetl  in  the  preceding 
six  monthB.  Three  or  four  ova  could  be  observed  in  the  field  at  one  time 
when  the  f  objective  was  used.  A  very  few  Uncinaria  were  recovered  in 
the  first  stools  after  the  administration  of  thymol;  two  days  later,  follow- 
ing a  course  of  thymol,  about  ninety  were  obtained  and  ova  were 
not  found  again  until  fifteen  days  had  elapsed,  when,  after  a  third  course 
of  the  drug  a  large  number  of  JJncinaria  (possibly  fifty)  were  again 
recovered.  No  more  ova  were  encountered  in  the  '^ool«  of  this  patient 
The  Vnchnaria  obtained  from  thi*  caw  corresponded  quite  clo&eh  m 
measurements  to  those  gi^en  bv  Stiles^  for  the  \arietv  of  Unctnana 
described  by  him  and  to  which  he  has  gnen  the  namt  Vnanana  amen 
catm  (Necator  anierwanw)  *  When  txammmg  the  female  of  this 
variety  the  position  of  the  vuha  was  noticed  as  one  of  the  first  things 
differentiating  Necator  from  Aqckiflo'^tomn  In  all  the  specimens  ex 
amined  it  has  been  foun  1  to  be  ntar  the  anterior  ont  third  of  the  bod\ 
(PI.  I,  figs.  1  and  2.)  Fiom  these  fact  it  appears  that  the  specimens 
are  Necator  americanus.  In  tht  meantime  similar  Vnnnarm  had  been 
recovered  from  other  patients  The  medical  publications  reaching  Ma 
nila  during  the  progress  if  this  work  established  the  fact  that  Necator 
amencanui  had  been  identified  in  mattr  al  from  Guam  and  thina." 

4s  interest  had  been  aroused  by  the  supposed  finding  of  Necator 
am^ruMnv9  m  natives  tf  tht  Philippine  Islands  great  care  was  taken 
to  secure  aw  much  material  as  po  Hille  tor  comparison  In  adlition  to 
the  patient  mentioned  abo-se  e\en  {th<r  Filipino  and  two  \n  nean  sol- 
diers ha\e  been  found  to  harbor  this  parasite  T!it  stations  of  these 
soldier*  were  widely  se]«rited  and  m  diffcTLut  islanls  ti  the  Archipel- 
ago as  follows  four  from  th<.  same  station  as  the  case  just  referred  to, 
two  from  the  Island  of  Samar  another  from  the  cit>  of  Manila,  one 
American  soldier  wis  sent  to  thi  hcsptal  from  the  Island  of  fiuimaras, 
the  other  from  C  amp  Daraga  Luzon  No  less  thin  fiv  hundred  Unci- 
nana  ha\c  been  <.olle*,ted  from  these  cases" 

The  structures  which  are  constantly  present  and  unmi  takablc  in 
these  Unctnarw.  vhich  resemble  Ae  atoi  iti  en  ohjc!  more  thin  they  do 
am  other  of  the  btronqyloidif  were  thought  tr  1  e  :>f  suftident  imj  ortance 

*P  B   £V   li    5  Ball    (in03)    ^o   10 

'A  Young  Stage  of  the  American  Hookivoriii— A'ecafor  Americanus  (Stiles 
1902)— 8  to  12  Days  after  Skin  Intedion  in  Rabbits  and  Dogs.  Stiles  and  Gold- 
berger,  Am.  Med.   (1906),  11,  63. 

^BuU.  Johns  Hopkins  Hasp.  (1006),  17,  313. 

'Photomicrographs  and  camera-lueida  drawings  have  been  made  of  a.  numbvt 
of  Hpecimens,  to  assist  in  demonstrating  the  presence  of  the  newly  described  organs 
not  found  in  the  descriptions  or  illustrations  by  Stiles;  whereas  the  apparently 
new  organs,  or  their  homologues,  were  illustrated  by  the  same  author  in  Agchy- 
lostoma  dvodenulp.     (After  Sehulthess   (copied  from  Blanchard).) 
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to  forni  the  basis  for  the  supposition  that  a  new  species  of  Nemtor  had 
been  found  in  thu  Philippine  Islands. 

About  the  time  this  conclusion  had  been  reached  and  an  effort  had 
been  made  to  describe  this  sup])osedly  new  variety  of  Uncinaria,  it  ap- 
peared that  others  were  tindinr  species  of  Necator  differing  from  Necator 


Stephens  ^  thinks  that  Necator  amertcanus  may  be  only  one  of  many 
species  which  exist  in  different  parts  of  the  world.  He  has  fonnd  va- 
rieties of  Necator  differing  from  Necator  ameriranus  in  material  collected 
in  Burma  and  Assam.  Iioos '  of  Cairo  confirmed  Stephens's  statement 
HJid  identified  at  least  three  different  species  in  the  material  which  the 
latter  had  collected.  It  is  not  known  upon  what  characteristics  Stephens 
bases  his  differentiation  as  no  specimens  have  been  described  by  him. 

In  January,  1907,  through  the  kindness  of  Lieut.  P.  E.  Garrison, 
United  States  Navy,  medical  zoologist  at  the  Bureau  of  Science,  an 
opportunity  was  given  to  compare  the  Unoitmria  I  had  obtained  with 
type  specimens  of  Nerator  amertcanus  which  he  had  procured  in  Wash- 
ington from  Stiles.     They  were  found  to  be  similar.' 

After  quoting  the  description  given  by  Stilee  for  Necator  amertcanus 
I  will  attempt  to  demonstrate  by  means  of  drawings  and  photomicro- 
graphs the  characteristics  of  the  Uncinaria  found  here. 

The  New  World  hookworm  of  man,  Uncinaria  amerioamt  Stiles,  1902. 

Specific  diagnosis. — Vneinaria:  Body  cylindrica!,  somewhat  attenuated  ante- 
liorly.  Buccal  capsule  with  a  ventral  pair  of  prominent  semilunar  plates  or  lips, 
similar  to  U.  stenocepkala,  and  a  dorsal  pair  of  slightly  developed  lips  of  the  same 
nature;  dorsal  couieat  median  tooth  projects  prominently  into  the  buccal  cavity, 
similar  to  Moiwdonfus;. one  pair  of  dorsal  and  one  pair  of  ventral  submedian  lancets 
deep  in  buccal  capsule.  Male,  7  to  9  millimeters  long;  caudal  bursa  with  short, 
dorsomedian  lobe,  which  often  appears  as  if  it  were  divided  into  two  lobes,  and  with 
prominent  lateral  lobes  united  ventrally  by  an  indistinct  ventral  lobe;  common 
base  of  dorsal  and  dorso-lateral  rays  very  short;  dorsal  ray  divided  to  its  base, 
its  two  branches  being  prominently  divergent  and  their  tips  being  bipartite;  spicules 
long  and  slender.  Fenule,  0  to  11  millimeters  long-;  vulva  in  anterior  half  of  tlie 
body,  but  near  equator.  Eggs,  ellipsoid,  04  to  76  /i  long  by  36  to  40  /t  broad, 
in  some  cases  partially  segmented  in  utero,  in  other  (rare)  cases  containing  a  fully 
developed  embryo  when  oviposited. 

Babitat. — Small  intestine  of  man  (Homo  sapiens)  m  America  (determined  to 
date  (1902)  tor  Virginia,  Korth  and  South  Carolina,  Georgia,  Florida,  Alabama, 
Texas,  Porto  Rico,  Cuba,  and  Brazil). 

'Indian  Med.  Oas.  (19061,  41,  398. 

'Ibid. 

■  The  single  male  specimen  of  Nevulor  americanus  which  was  given  lue  had  been 
mounted  for  some  time,  and  as  a  result  of  the  pressure  of  the  cover  glass  the 
specimen  is  flattened  and  can  not  be  placed  in  as  favorable  position  for  demon- 
strating the  structures  in  question  as  some  of  the  fresh  ones  from  the  Philip- 
pines. 
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The  following  characteristics  niav  hn  di'stinfruished  in  all  the  Vncinari'i 
recovered  from  the  cases  here  reported 

A  aliR-ht  deprpBBion  m  the  cutipular  la^er  nf  the  bod%  lall  upon  the  vpntral 
lurfHce  05  millimpter  posteTior"to  thp  oral  mnrKin  (^ee  PI  T  flf«(  1  to  4  1 
At  the  center  of  thus  depre««inn  there  la  an  opening  mtn  the  bodv  ^avjtv  This 
cwrreapond^  to  the  position  of  the  evcretoiv  pore  in  Unnnana  dundcTUilia  In 
many  specitneni  this  opening  i>i  gurrounded  bv  a  mass  of  granular  matter  which 
can  Pa>iilT  be  removed  with  no  disturbance  of  the  cuticle  at  the  site  of  attachment 
The  sranular  material  ma>  be  feen  within  the  mouth  of  the  pore  in  some  of  the 
specimens  apparentiv  being  extruded  from  the  bodi  The  cervical  papilla  are 
situated  upon  either  side  of  the  e\c^pi)r^  pore  The  position  nf  the  excretory 
pore  IS  not  indicated  in  the  original  drawings  of  Nfoator  amertcanui 

The  specimens  collected  here  do  not  correspond  exac^lv  m  size  with  those 
collected  m  America  The  extreme  measurements  for  the  male  specimens  are 
from  7  25  millimeters  in  length  for  the  shortest  found  to  8  ■>  millimetera  for  the 
longest  the  shortest  female  measured  10  millimeters  in  length  the  longest  11  ■> 
milhmiters 

The  presence  of  a  pair  of  small  rav  like  organs  nithin  fhc  caudal  bursa  of  the 
male  (not  mentioned  in  the  original  descriptim)  the  constant  presence  of  an 
enlargement  of  the  bursa  adjacent  to  them  the  shape  of  the  dorso  lateral  rays  and 
the  prominence  of  the  dorsal  and  Miitial  lobes  of  the  caudil  bursa  attract  ones 
attention 

The  ca.udal  bursa  of  the  malt  consists  of  tvio  lateral  lobes  continuous  with 
small  dorsal  leaflets  Each  of  the  leaflets  partly  surrounds  one  of  the  dorsal 
rays  (See  PI  II  )  Ventrally  the  bursa  presents  a  slight  enlargement  just 
posterior  to  the  point  at  which  it  is  continuous  with  the  bod>  wall  IPI  IT  1 
The  lateral  lobes  are  connected  ypntralh  In  a  delicate  filmy  central  lobe  (PI  II 
figs  'i  and  4  )  When  the  lateral  lohes  are  elosel(  approximattd  the  lentral  lobe 
may  freqiientli  be  seen  folded  uprn  ittelf  with  the  fold  d^p  betneen  the  lateral 
bursa      I  PI   IT   fig  3  ) 

The  dorso-lateral  ra>a  are  long  slender  and  davate.  (PI.  II.  flgs.  3  and  i, 
PI   TV   fig   1) 

Within  the  bursa  anterior  to  the  ventral  rays  a  pair  of  small  organs  may  be 
seen  resembling  rays  in  structure  but  more  delicate  They  are  conatajit  in  all 
malex  It  is  rarely  possible  to  see  moic  than  one  in  the  same  focus  but  the 
specimen  may  be  rotated  under  the  cover  glass  until  both  organs  may  clearly  be 
distingtllBhed  These  organs  are  homologous  with  the  praecauial  papillte  nf 
Vneinaria  duodenahs  They  arise  from  the  large  trunks  which  gi\e  origin  to  the 
lateral  \entro  lateial  ind  central  rais  of  their  respective  sides  but  anterior  to 
these  Bv  placing  the  specimen  in  the  position  that  shDws  the  dorsal  rais  most 
clearly  one  or  perhaps  both  of  the  smaller  ra>s  ma>  be  seen  directly  opposite 
upon  the  ventrd.1  surface  the  tips  jf  the  ravs  projecting  into  the  ventral  enlarge 
ment  of  the  caudal  bursa      (PI   I   fig   3     PI   II     PI   III   tg   1  ) 

The  spicules  terminate  in  barbed  tips  and  the  length  of  the  free  ends  of  the 
spicules  IS  not  constant  borne  may  terminatL  within  the  caudal  bursa  while 
others  protrude  as  mucl  as  on  half  the  length  of  the  uiu  iai  bursa  bejond  it 
( PI   II   figs  3  and  4  ) 

The  following  measurements  of  three  female  worms  illustrate  the  relation  of 
the  distance  from  the  head  to  the  vulva  to  the  total  length  of  the  worm : 

No.  1:  Length  of  worm,  11.6  millimeters;  distance  from  head  to  vulva,  5  milli- 
meters.    No.  2;  Length  of  worm,  lO.T  roillimeters;  distance  from  head  to  vulva, 
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4.4  millimeters      No   3     Length  of  worm,  12.6  milliinet«rH ;  distance  from  head  to 
vulva,  5  5  miliimeters 

The  ratio  which  the  length  from  head  to  vulva  bears  to  the  length  from  tlie 
vulva  to  thp  tip  of  the  tail  in  the  three  cases  above  given  is  as  follows; 
No.  1,  1 :  2.32.     No.  2,  1 !   2.43.     No.  3,  1 ;   2.29. 

The  ova  are  larger  than  those  of  Undnaria  duodenalis.  (PI.  IV,  fig.  2.) 
Harris'"  reports  the  measurements  of  ova  of  Neeator  americanas  from  57.6  to 
80  n  in  length  and  35  to  52.5  ix  in  breadth;  and  the  average  from  a  large  number 
ot  ova  as  60.52  /i  in  length  by  42.53  /i  in  breadth.  In  these  cases  the  ova  measured 
from  58  to  73  ^  in  length  by  3(1  to  46  fi  in  breadth.  The  average  measurement  of 
40  ova  was  66  by  40  /i. 

The  attention  of  the  commanding  officer  of  the  Division  Hospital, 
Major  F,  J.  Ives,  United  States  Army,  having  been  invited  to  the  num- 
ber of  patients  from  the  Twenty-eighth  Company  of  Philippine  Scouts 
admitted  to  the  hospital  and  infected  with  Neeator  amerkanus,  he  re- 
quested the  chief  surgeon  of  the  Philippines  Division  to  authorize  an 
investigation.  The  result  was  that  Uncmaria  ova  were  found  in  the 
first  slide  from  13  of  35  men  {52  per  cent)  examined,  who  at  that  time 
were  on  duty. 

The  fact  that  Neeator  americanm  has  been  recovered  from  the  stools 
of  all  enlisted  men  showing  Vnciimria  ova,  admitted  to  this  hospital 
since  September,  190G,  and  that  ova  corresponding  in  measurements  to 
those  of  Neeator  americanus  have  been  found  in  the  stools  of  53  per  cent 
of  the  men  examined  in  one  company,  would  lead  one  to  think  that  a  large 
percentage  of  natives  of  the  Philippine  Islands  harbor  this  parasite. 
Craig  "  reported  eases  of  uncinariasis  in  soldiers  who  had  returned  from 
the  Philippine  Islands  to  the  United  States,  but  in  those  only  Uneinaria 
duodenalis  was  found. 

As  both  varieties  of  Uneinaria  are  present  in  the  Philippine  Islands 
and  as  these  investigations  demonstrate  that  Neeator  amerieanus  is  quite 
prevalent,  uncinariasis  would  appear  to  be  one  of  the  most  common 
diseases  to  be  found  here  and  it  would  be  expected  that  many  severe  cases 
would  be  encountered. 

Seventy-six  officers  and  men  of  the  Regular  Array  have  been  treated 
for  uncinariasis  in  the  Division  Hospital  since  its  organization  in  1898, 
and  of  this  number  only  38  were  admitted  with  a  diagnosis  of  uncina- 
riasis or  ankylostomiasis.  The  histories  of  these  38  patients  show  gastro- 
intestinal disturbance  in  32,  anaimia  in  6,  heart  murmurs  in  3.  Dysp- 
ncea  and  cedema  were  not  noted  among  the  symptoms  in  any  of  them. 
Six  cases  were  uncomplicated  by  other  diseases ;  21  were  suffering  with 
dysentery  as  well  as  uncinariasis;  5  with  diarrhcea;  5  with  malaria;  1 

'"  Un«inariaais  (Ankylostomiasis)  ;  Its  Frequency  and  Importance  in  the  South- 
ern States.     The  Atlanta  Joarn. — Record  of  Medicine   (1903). 

"  The  Occurrence  of  Uncinariasis  (Ankylostomiflsia)  in  Soldiers  of  the  United 
States  Army.     Ant.  J.  Med.  Sci.  (1»03),  126,  70S. 
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with  sprue;  3  with  filariasle;  1  with  rheumatism;  1  with  liver  s 
and  1  with  epilepsy. 

Thirty-eight  cases  have  heen  admitted  to  the  hospital  for  other  con- 
ditions, and  ova  of  Undnaria  have  subsequently  been  found  in  their 
stools.  The  diagnosis  in  nineteen  of  these  has  been  changed  to  uncina- 
riasis with  no  complication.  In  nearly  all  of  the  others  gastro-intestinal 
disturbance  was  marked;  anaemia  being  observed  in  five.  Of  the  remain- 
ing eases,  dysentery,  tuberculosis  and  malaria  were  common  complica- 
tions. Three  of  these  were  diagnosed  as  beriberi  and  in  one  the  diagnosis 
was  changed  to  uncinariasis. 

I  have  not  had  an  opportunity  during  my  tour  of  duty  in  these  Islands 
to  travel  through  the  country  districts  where  one  would  expect  to  find 
conditions  most  favorable  for  the  development  of  Undnaria  and  to  en- 
eonnter  liie  most  serious  cases  of  uncinariasis.  The  patients  I  have  had 
an  opportunity  to  examine  and  the  records  of  cases  to  which  I  have 
been  able  to  refer,  have  all  been  of  soldiers  who  had  not  more  than  three 
years  previously  passed  a  rigid  physical  examination.  These  men  had 
only  been  exposed  to  the  infection  during  longer  or  shorter  periods  of 
active  service  in  the  field,  but  some  of  the  Scouts  may  have  been  suffer- 
ing from  mild  infections  of  a  number  of  years'  duration. 

In  the  United  States  it  has  been  found  that  women  and  children  are 
the  greatest  sufferers,  except  in  the  cases  where  the  employment  of  the 
men  caused  an  exposure  of  the  bare  skin  to  the  contaminated  earth. 
Soldiers  are  exposed  to  infection  by  this  parasite  while  performing  field 
service  and  then  only  during  the  rainy  season.  It  would  hardly  be  pos- 
sible that  cases  as  severe  would  be  found  among  these  picked  men  as 
among  natives  in  a  barrio. 

The  health  of  the  soldier  in  garrison  is  safeguarded  by  all  the  precau- 
tions known  to  the  sanitarian;  it  would  be  a  grave  condition  indeed  if 
under  these  circumstances  severe  cases  of  uncinariasis  could  develop  at 
all  and  it  could  hardly  be  possible  for  a  severe  infection  to  occur  in  any 
great  number  of  soldiers  during  the  short  tours  of  field  duty  which  are 
customary  in  these  Islands. 

In  the  provinces  no  precautions  at  all  are  taken  properly  to  dispose  of 
the  waste.  Privies  and  vaults  are  among  the  rarities  and  the  surface  of 
the  ground  around  by  far  the  greater  majority  of  the  houses  has  been 
contaminated  from  the  time  that  the  houses  were  built.  The  abundant 
growth  of  vegetation  around  dwellings  furnishes  the  most  favorable  con- 
ditions (shade  and  moisture)  for  preserving  the  vitality  of  rhabditiform 
embryos,  and  the  barefooted  householder  and  his  family  are  constantly 
exposed  to  the  -infection. 
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I  wish  to  quote  a  few  lines  from  Ashford"  in  regard  to  Hip  severity  of 
this  disease  in  Porto  Rico 

There  seems  to  be  no  doubt  that  for  mam  >earg  from  j  000  to  '000  people 
ha\e  b*en  dying  annually  from  thia  eaiiiy  curable  and  preventable  disease  nor 
IS  it  an  exaggeration  to  -"ay  that  the  great  majority  of  those  affected  ttith 
Necator  amencanas  are  phy^icalh  incapable  of  rendering  anything  like  then 
full  quota  of  labor  •  ■  ■  Fuliy  70  per  eent  of  the  worm  carriers  suffer  more 
or  leis  severely  from  their  infection  and  an  incredibly  large  number  of  men  that 
should  form  the  bono  and  imew  of  this  healthf  il  and  beautiful  island  are  ghost 
like  invalids  compelled  to  work  though  siik   that  their  families  may  not  starve 

If  such  a  condition  e\i=!ts  m  Portt  Rico  why  should  not  a  similar  one 
be  found  m  the  Philippine  I'^Iands  where  we  have  the  same  parasite  ali 
the  favoring  conditions  for  its  growth  which  a  tropical  climate  affords 
and  a  population  whose  habits  are  such  that  the  greatest  care  could  not 
facilitate  the  dissemination  of  the  mfectun  more  perfectly' 

There  are  two  conditions  existing  m  Porto  Eico  which  ha\e  been  found 
favorabk  for  the  hpread  of  uneinariaiiR  that  are  dissimilar  in  ihese 
Islands      Thei   are 

lirst  4n  occupation  m  which  a  large  number  of  barefooted  people 
art  gathered  together  during  the  rain\  season  and  ach  b>  his  careltss 
habits  increases  the  danger  to  the  other- 

"second  The  Port>  Ricans  are  a  lighttr  "skinned  race  than  the  Fill 
pinos 

In  the  Philippine  Islands  the  cultivation  of  coffee  is  not  a  \ery  exten 
aive  industry  and  the  number  of  people  engagel  m  it  ib  comparatneh 
smal!  Ihere  is  no  single  industry  in  which  great  numbers  of  the  Fih 
pinos  are  engaged  thit  presents  equalh  favorable  opportunitie=!  for  uni 
vcrsal  di&aemmation  of  the  infection  Nearly  e^er)  writer  upon  uncma 
riasis  states  that  the  Negro  luing  m  localities  where  uncinariasis  is 
provalent  does  not  suffer  from  the  anTiuia  which  lighter  skinned  peoph 
are  subject  to  The  Filipino  being  quite  dark  skinned  maj  be  lees  sus 
ceptible  than  the  Porto  Rican 

For  manj  years  authorities  have  considered  the  Porto  Eican  ansemia 
to  be  due  to  an  innutritious  diet.  The  Porto  Bican  Amemia  Commission 
proved  the  fallacy  of  this  supposition  by  restoring  thousands  to  health 
by  removing  the  Uncinaria  with  which  the  poorer  people  were  infected. 
One  would  not  expect  the  poor  negro  of  our  Southern  States  or  of  Porto 
Rico  to  subsist  upon  a  more  nutritious  diet  than  the  poor  white  of  the 
same  locality;  yet  many  investigators  have  observed  the  relative  infre- 
quency  of  severe  cases  of  aniemia  in  the  negroes  of  these  districts. 

•'Military  Hurg.  ( 1907|,  20,  41. 
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CONCLUSION. 

The  points  which  I  wish  to  emphasize  as  a  result  of  these  investiga- 
tions may  be  summarizei]  as  follows: 

Necaior  americanm  is  a  common  parasite  in  natives  of  the  Philip- 
pine Islands. 

This  infection  occasions  a  great  loss  of  time  to  the  Government 
through  illness  of  the  enlisted  men,  principally  from  the  Scout  organ- 
izations. 

There  is  an  unnecessary  increase  of  expense  for  medicines  and  hos- 
pital supplies  because  of  this  condition. 

Every  man  infected  with  Undnaria  is  a  menace  to  his  comrades  and 
a  source  of  danger  to  the  community  in  which  he  is  stationed. 

No  person  suffering  from  uncinariasis,  mild  or  severe,  is  capable  of 
performing  his  duty  as  efficiently  as  one  who  is  free  from  this  infection. 

Everyone  suffering  from  uncinariasis,  although  it  may  be  mild,  is 
more  susceptible  to  other  diseases  and  having  contracted  a  complicating 
disease,  is  more  severely  attacked  because  of  his  weakened  condition  and 
also  his  period  of  illness  is  necessarily  longer. 

Uncinariasis  is  a  disease  which  yields  readily  to  treatment,  with  little 
danger  and  with  positive  results.  If  uncinariasis  is  as  prevalent  in  the 
Philippine  Islands  as  the  few  examinations  hero  reported  would  indicate, 
then  there  is  no  way  in  which  the  systematic  expenditure  of  a  small 
amount  of  money  will  bring  a  greater  return  in  health,  happiness,  effi- 
ciency, and  increased  prosperity,  than  in  its  eradication. 
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ILLUSTRATIONS. 


a.  1.  Female  Neoator  americamis.  (Original.)  A,  the  vulvti;  B,  the  excretory 
pore;  C,  tlie  anus. 

2.  Photomicrograph    of    female    Neoator   americanus.     Magnification,    14X1. 

A ,  excretory  pore ;  B,  vulva ;  C,  anus. 

3.  Male  Necator  americanus.     (Original.)     A,  excretory  pore;  B,  C,  dorsal 

raya;  D,  one  of  the  precaudal  papillce. 

4.  Higli  magnification  of   tlie  excretory   pore,   "Secator  americamts.   _400X1. 

(Original.) 

Plate  II. 

n.  1.  Outline  drawing  of  the  tail  of  the  male  showing  both  precnudal  papillie, 
Necator  americanus.     (Original.) 

2.  Tail  of  the  male,  Neoator  am^eanua,  (Original.)  A,  dorsal  rays;  B, 
dorsal  leaflets  of  the  lateral  lobes  of  the  caudal  bursa;  C,  one  of  the  pre- 
ci.udal  jMipilliP  ■  D  ventral  enlargement  of  the  caudal  bursa-  E  ventral 
lobe  of  the  caudal  bursa 

t  Illustration  of  the  till  of  the  male  '\ecatot  omertcanu*  shoning  the  prin 
cipal  structures  (Original  )  i  dorail  ra^s  B  dorso  lateral  raj  C 
literal  rays  D  ventrolateral  rays  i  spicules  f  ventril  rays  O 
ventral  1  be  of  the  caudal  bursa  H  precaudal  papilla  /  central  prcmi 
nence  of  caudal  bursa 

4  I  hotomicrogriph  of  tail  of  male  \tcatof  omertcanus  Magnification 
S'Xl  A  dcrsal  ra>9  B  precaudal  papilla  D  the  ventral  iobe  of 
the  caudal  bursa  J  barbed  tips  of  the  spicules  A  iorsnl  leaflets  of 
lateral  lobes  of  tlie  caudil  buisa  R  the  ventral  enlargement  of  the 
luial  bur  a  adjicent  to  the  precaudal  laiillse 

Plate  III 

n   1    Photomicrograph  showing  precjiudal  papillte  of  the  Hierimen  of  Necator 

omericanus  giien  me  by  Dr    Garrison      Magnification    108X1      A    pre 

caudal  papilla     B   central  enlirgement  of  the  caudal  bursa  adjacent  to 

the  papilltE 

2    Photomicrograph  of  male  Senator  amertcan-wi     Majfnifieation    10X1 

1    Outline  drawing   showing  the   ventral    lobe   of   the   caulal   bursa    folded 

between  the  lateral  lobes   Necator  amencanuB      (Original  ) 
4    Illustration  of  the  tail  of  the  male  Necator  amerMmnus  dorao  central  p08i 
tion      1    dorsal  rays     B    dorsolateral   rays     C    lateral   rajs     D    ven 
tro  lateral  rajs     F    ventral   rays     F    spicules      Tie  precaudal   paj  lilre 
are  too  delicate  to  be  seen  throuf,h  the  thick  body 
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342  ILLUSTRATIONS. 

-     Plate  IV. 
Fio.  1.  Photomicrograph   of  tail   of  male   A'-eafor  americanus,   postero-ventrally. 
The  ^mP  specimen  illusirated  hv  drawing      Magnification,   56X1. 

2.  IlluBtration  of  ten  uncinana  ova  in  different  stages  of  segmentation  with 

their  respective  measurements  (Original  )  1,  72X40  /i;  S,  62X38  n; 
1  58X42  II  i  73X42  fi  t  58X43  ft  6  68X36  Ai  7,  08X38  n;  8, 
62X38  (1,  9   68X38  it    H)   62X42  n 

3.  Photomicrograph  of  huccal  plates  in  mouth  of  Necator  amerieanus.     Mag- 

nification, 46X1-     A,  large  ventral  plates;  B,  dorsal  plates. 

4.  Tail  of  the  female  greatly  enlarged,  Necator  amerimnus.     (Original.)     A, 
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THE  RECENT  TREND  OF  IMMUNITY  RESEARCH." 


By  Habbv  T.  Marshall. 
( From  Ihe  Rioloijioal  Lahoralory  of  the  Bureau  of  Science,  Manila,  P.  I.) 

The  term  immunity  has  come  to  have  two  meanings  within  recent 
yein  it  retains  iti  older  significance  and  it  is  aisit  used  broadh  to 
designate  the  condition  rtsulting  when  an  organism  has  reacted  to 
foreign  albununou^i  matenal  Eesearches  along  the  more  general  linee 
of  immunity  ha\e  led  in  inch  wideh  divergent  directions  that  a  gen 
oral  review  of  the  literature  can  not  be  attempted  within  the  limits  of 
the  time  allotted  to  this  paper  Therefore  I  ha*e  selected  for  re\iew 
two  subjects,  which  possihl^  are  somewhat  freshei  than  the  others  and 
which  are  commanding  considerable  attention  at  prcbsnt  We  will  con- 
sider first  the  phenomenon  known  Varioush  as  complement  deflection, 
complement  deiiation,  complement  diversion  or  blocking  of  complement, 
and  second    Bail  s  aggrChRin  hipotheais  of  infection  and  immunity 

I.    DEFLECTION   OF    COMPLEMENT, 

Earlj  in  the  course  ot  Bordets(^)  and  Ehrlichs(8)  studies  on  the 
mochani'^m  of  hasmohsis,  it  was  found  to  be  pohSible  to  prevent  bv  certain 
fairlv  definite  procedures  the  union  of  complement  with  red  corpuscles 
previously  laden  with  immune  bod>  The  bearing  of  this  phenomenon 
upon  the  receptor  theory  and  its  value  as  a  demonstration  of  the  receptor 
explanation  of  haemolysis  was  discu'sed,  and  for  the  sake  of  simplicitv 
the  property  possessed  by  a  fluid  of  blocking  the  action  of  complement 
was  attributed  to  a  hypothetical  auh'^tance  termed  '  a nti -complement  ' 
Subsequently,  what  appeared  to  be  another  type  of  the  blocking  occurring 
during  bacteriolysis,  was  described  by  Neisser  and  WechBberg(2<>) 

We  must  remember  that  it  never  has  been  possible  to  obtain  comple- 
ment pure,  and  that  it  is  defined  only  in  part,  the  definition  at  present 
demanding  (a)  that  complement  shall  be  capable  of  uniting  with  at- 
tached amboceptors  by  the  hypothetical  haptophore  gronp,  and  (b)  that 
it  shall,  either  by  its  own  inherent  energy,  or  by  its  mere  presence,  bring 
about  destructive  changes  in  the  body  to  which  it  unites  (red  corpuscles, 
bacterium,  etc.).     These  changes  arc  tentatively  described  as  being  of 
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a  fermtntative  or  enzjmL  like  nature  Jht  mitalilit>  of  complemtnt 
IB  a  more  or  loss  permanent  characttnstic  and  equalh  tharictenstic  are 
the  facts  that  complerutnt  is  normally  pre&ent  in  varying  amount  in 
fre^h  serum  and  that  the  quantity  can  not  be  influenced  by  the  usual 
procetAes  of  immunization  provided  the  health  of  the  animal  remains 
mimpaired  It  either  of  the  fir«t  two  characteriaties  fails  v>e  have  at 
present  no  means  at  our  disposal  of  retognizing  complement  A  number 
of  convincing  arguments  have  been  brought  forward  to  prove  that  there 
are  different  complements  m  different  eerums  and  alho  that  anv  one 
specimen  of  serum  contain*'  a  number  of  complements  although  other 
observers  cliim  that  all  fcrms  of  complement  action  are  due  to  a  single 
substance  or  form  of  entrgy  m  the  =*€rum  ^i^htther  complement  has 
other  actions  we  do  not  knovi  nor  whether  it  is  capable  of  uniting  with  a 
varietj  of  other  substances  Similarly  we  do  not  know  anv  thing  of  anti 
complement  except  the  one  fact  that  it  prevents  the  action  of  complement 
Whether  a  variety  of  substances  or  conditions  could  be  the  cause  of  such 
an  inhibition  was  not  determined  at  the  time  that  anti  complements  were 
first  considered.  Bordet(4)  claims  that  specific  anti  complements  can  be 
produced,  the  action  of  which  is  different  from  that  occurring  in  comple 
ment  deflection,  and  Marshall  and  Morgenroth(20)  found  it  possible  with 
a  nonspecific  anti-complement  to  block  out  certain  definite  complement 
activities  from  a  serum  without  interfering  with  ibs  other  complement 
actions.  On  the  other  hand  Pfeiffer  and  his  colleagues  (10  JO)  claim 
tliat  the  phenomenon  of  complement  deflection  explains  reactions  hitherto 
accounted  for  as  the  result  of  anti-amboceptor  action. 

The  phenomenon  of  complement  deflection  was  first  described  in  1901 
by  Bordet  and  Gengou(5)  who  found  that  haemolysis  was  no  longer  pro- 
duced in  properly  prepared  corpuscles  if  the  complement-containing 
fresh  serum  was  previously  added  to  a  mixture  of  bacterial  emulsion  and 
specific  anti-bacterial  serum. 

In  1905,  Gay(ll,  13,  13),  in  Bordet's  laboratory,  discussed  this  phe- 
nomenon, and  concluded  that  the  complement  was  removed  by  the 
union  of  specific  precipitin  with  precipitable  substance.  lie  found,  as 
Sachs  (32)  did  also,  that  the  immune  body  was  not  affected  in  this 
reaction,  only  the  complement  being  removed.  He  attributed  the  well- 
known  Neisser-Wechsberg  phenomenon  of  deflection  and  the  antilytic 
action  of  normal  serum  described  by  Pfeiffer  and  Friedberger,  and  the 
anti-complementary  action  of  normal  serum  described  by  Sachs,  to  the 
same  phenomenon  of  precipitation.  Ho  holds  that  the  above-mentioned 
investigators  overlooked  minute  traces  of  precipitable  substance  which 
remained  attached  to  the  corpuscles,  etc.,  after  one  washing  with  salt 
solution,  and  which  could  be  removed  only  by  repeated  washings. 

Moresehi  (33,  23),  working  independently  of  Gengou  and  Gay,  ob- 
tained similar  results.     His  experiments  led  him  to  conclude  that  our 
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ideas  of  comploment  must  be  revised  extensively,  both  Ehrlicli's  and 
Bordet's  hypotheses  faihng  t«  account  for  the  conditions  which  he  met 
with.  Pfeiffer  and  Moreschi(30)  and  Friedberger  and  he(lO)  sup- 
posed that  the  disappearance  of  complement  was  in  some  way  brought 
about  by  the  union  of  precipitin  and  precipitable  substance  and  varied 
with  the  amount  of  precipitation.  They  found  that  deflection  occurs 
not  only  in  ntro  but  also  in  invo.  They  concluded  that  the  phenomena 
formerly  explained  as  depending  upon  the  action  of  anti -complement? 
and  anti-amboeeptors  are  actually  due  to  complement  deflection. 

Sachs(33),  replying  in  190S  to  Gay,  worked  over  some  experiments 
of  Pfeiffer  and  Friedberger  and  concluded  that  the  phenomenon  of 
deflection  is  not  due  to  precipitation,  hut  is  a  function  of  the  union  of 
amboceptor  with  its  corresponding  anti-genetic  substance.  The  deflec- 
tion occurs  even  when  no  precipitate  is  formed  and  varies  independently 
of  the  amount  of  precipitate,  a  result  also  obtained  by  'Klein(17),  Was- 
sermann  and  Bruck(35)  also  point  out  that  old  bacterial  extracts  no 
longer  precipitate,  but  still  deflect  and  that  the  same  holds  true  of  tuber- 
culin and  anti-tuberculin.  The  Neisser-Wechsberg  studies  and  one  by 
Lipstein  also  supports  Sachs's  contention. 

From  the  first,  the  phenomenon  of  deflection  has  been  used  in  prac- 
tical diagnosis.  Bordet  and  flengou  elahoratetl  a  delicate  test  for  the 
demonstration  of  anti-bodies  specific  for  various  bacteria.  Subsequently, 
in  1908,  Gengou(15)  widened  the  application  of  this  method,  making 
it  available  for  the  determination  of  the  pre^nee  of  anti-bodies  for  the 
most  diverse  albuminoid  solutions,  such  as  milk,  egg,  etc.  Neisser  and 
Saehs{26,  27)  employed  the  test  for  recognizing  not  the  anti-body  but 
the  antigen,  using  their  teeh'nique  with  special  success  in  detecting 
minute  traces  of  blood,  and  being  able  from  these  traces  to  determine 
the  species  from  which  the  blood  was  derived.  They  advise  the  adop- 
tion of  the  method  in  forensic  medicine,  to  supplement  the  precipitin 
test,  and  make  mention  of  three  cases  in  which  they  employed  it.  The 
advantages  of  the  deflection  method  are :  First,  that  it  acts  as  a  control 
for  the  precipitin  method ;  second,  that  hiemolysis  is  a  much  more  definite 
index  than  minute  precipitation;  third,  that  an  opalescent  serum  is 
available  for  use;  fourth,  that  it  is  not  necessary  to  have  such  high 
potency  serum  as  is  needed  in  the  precipitin  t^t  and  that  it  is  not 
necessary  to  wait  for  the  clearing  of  the  serum,  which  is  so  tedious  in 
the  older  test.  • 

During  the  course  of  1905  and  1906,  Wassermann  and  his  co-workers 
have  given  a  new  application  to  this  technique.  They  found  that  dis- 
solved bacterial  substances  could  be  detected  as  readily  as  bacterial  emul- 
sion (Med.  Klin.  '05),  and  they  were  able  to  demonstrate  minute  traces 
of  bacterial  substance  in  blood  derived  from  individuals  suffering  from 
various  infections.     By  modifying  the  technique  they  were  also  able  to 
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recofiiiize  the  earh  vtagLS  of  reaction  bv  prcvmg  the  presence  of  minuti. 
traces  of  soluble  anti  baitenal  sub^itanLe'i  in  diseasul  ti'-'iUL'*  Tht\  then 
went  one  step  further  and  made  a  noiel  application  wf  thi^  printiple, 
applying  it  m  tht,  detection  of  minute  traces  ot  e\en  unknown  infectious 
agents  m  the  infects  body 

Thev  perform  the  expenment  in  testing  tor  anti  tuberculin  and 
tuberculin  m  organs  an  follows 

A  speciflc  hsemolvtic  serum  is  first  obtained  and  this  11  used  with  the 
corresponding  anti  genetic  blood  corpusileR  as  an  indicator  of  deflection 
of  complement  for,  if  a  specific  serum  and  the  correspcnding  red  cor 
pusc!e«  are  brought  together  and  fresh  serum  it.  added,  h8emolvBi«  oecura 
if  the  freah  serum  contains  free  complement  it  does  not  occur  if  no 
free  complement  h  present  Hseraohbis  is  therefore  the  inde\  of 
whether  or  not  free  complement  is  pre^ent  in  the  fre'sh  serum  If  a 
fresh  serum  which  has  been  shown  to  contain  complement  Isses  its  com- 
plementary action  upon  being  treated  with  a  mixture  of  tuberculin  and 
anti-tnberculin  the  complement  is  said  to  be  deflected  provided  suitable 
controls  indicate  that  its  disappearance  is  directly  due  to  the  union 
occurring  between  tuberculin  and  anti  tuberculin,  and  is  not  due  to 
the  tuberculin  alone,  to  the  anti  tuberculin  alone  or  to  an\  other  agent 
involved  m  the  experiment 

It  haiirig  been  established  that  the  union  of  tuberculin  and  anti-tuber 
culm  deflects  complement  anv  given  tissue  extract  is  tested  for  it'i 
content  in  tuberculin  bv  noting  whether  the  suspected  extract  and  a 
stock  preparation  of  anti  tuberculin  will  block  the  action  of  a  'tenim 
known  to  contain  actne  complement  On  the  other  hand  a  given  tissue 
extract  is  tested  for  its  content  of  anti  tuberculin  bv  bringing  together 
a  stock  preparation  of  tuberculin  the  suspected  extract  and  the  com 
plementary  serum    and  afterwards  testing  for  hfemolvsis 

The  technique  of  the  experiment  la  eliborate  a  large  number  of  controls  ire 
required  and  the  t«at  tuhes  Tnust  be  ■scrupulously  cleaneil  The  organs  to  be 
tested  for  tubereulm  are  rtmoi  ed  under  aseptic  precautions  and  ground  in  a  mortur 
Hith  normal  salt  solution  containing  0  5  per  cent  of  carbolic  aeid  tue  cubic 
centimetera  of  normal  salt  per  1  gram  of  organ  are  emplo(ed  The  mixture  is 
shaken  in  a  machine  f(r  tnentv  foui  hours  at  room  temperature  centrifugalized 
clear  of  particles  and  the  Bupernatant  fluid  drawn  off  and  tested  b>  mixing  vary 
ing  amounts  with  anti  tuberculin  and  fresh  guinea  pig  serum  These  three  are 
brought  together  m  a  test  tuhe  and  kept  for  one  hour  at  37°  C  Finally  the 
mixture  is  added  to  t*st  tubes  containing  1  cubic  centimetei*  of  a  5  per  cent 
suspension  of  serum  free  sheep  t  corpuscle?  and  twice  the  dissolving  dose  of  irr 
activated  rtbhit  9  serum  specificollj  hiemoljtic  for  sheeps  corpascles  The  volume 
(f  fluid  in  each  tube  is  brought  to  5  centimeters  of  salt  solution  The  test  tubes 
am  placed  m  the  thermostat  at  ^7°  C  for  two  hours  are  kept  on  ice  o\er  night 
ind  in  the  morning  aie  e\amined  to  determint  the  extent  ot  hsmohsis  which  the\ 
may  exhibit 


Hosted  by 


Google 


IMMUNITY    IthSB^iltCH.  347 

The  technique  in  testing  organ  extracts  for  anti-tuberculin  is  the  same, 
except  that  fixed  quantities  of  a  stock  preparation  of-  tuberculin  and  of 
complement  are  used  with  varying  quantities  of  organ  extract. 

The  following  controls  must  accompanv  everv  test : 

1  The  organ  extracts  must  be  free  from  tissue  particki  as  tht-so 
alone  ma^  bind  complement 

i  The  deflecting  power  of  organ  extract'*  alone  and  of  tuberculin 
alone  must  be  determined  in  the  test  for  anti  tuberculin  and  that  of 
organ  extract  alone  and  of  anti  tuberculin  alone  in  the  te«t  for  tuber 
lulin  Occasionally  one  of  these  sub'-tance^  exhibits  a  certain  power 
of  deflection 

1  The  e\tract  to  be  tested  must  be  added  to  the  sheep  torpuscle-serum 
mixture  to  determine  whether  it  alone  effects  hsemolv^i" 

4  A  complete  parallel  series  must  be  made  at  the  same  time  using 
nontubereulous  organs  from  tht  species  to  which  the  test  animal  belongs 

5  The  controls  usual  in  everv  hsemolvtit  experiment  must  of  course 
be  set  ilso — that  is  sheep  s  eorpustles  and  salt  solution  corpuscles  and 
amboceptor    corpuscles  and  complement  alone 

The  hdemolytic  dose  of  the  specific  ral  bit  ^  serum  is  determined  in 
preliminary  tests  and  likewise  that  of  the  complement  serum  About 
twice  the  hsemolytic  dose  of  amboceptor  and  the  single  dose  of  comple 
ment  are  emploved  m  the  experiment ' 

\eiB''pr  and  Sachs  (38)  state  that  defiection  \\  serum  and  anti  serum 
fails  if  the  anti  serum  is  first  boiled  and  they  include  a  contrcl  with  boiled 
anti  body  m  their  forensic  test  The\  also  state  that  there  is  an  optimum 
amount  of  the  anti  serum  causing  deflection  when  added  to  complement 
and  the  suspended  blood  specimens  fhis  amount  is  determined  at  a 
preliminary  test  m  which  varying  amount  of  anti  serum  are  employed 
with  a  fixed  tmount  of  complement  and  a  fixed  amount  (0  0001  cubic 
centimeter)  of  the  test  blood  preparation  At  flrf-t  they  recommended 
the  employment  of  normal  rabbit  serum  with  sheep  s  corpuscles  as  the 
hfemolvtic  indicator  but  later  they  advised  the  use  of  a  specific  serum 
with  sheep  a  corpuscles. 

The  application  of  the  deflection  method  by  Wassennann  and  Bruck 
(35)  to  the  study  of  tuberculosis  apparently  sheds  light  upon  the  bac- 
terial and  anti -bacteria!  reactions  occurring  in  tuberculous  individuals. 
In  tuberculous  organs  and  in  the  sera  of  animals  treated  with  tuberculin, 
anti -tuberculin  was  demonstrated,  while  it  was  absent  from  the  sera  of 
thirteen  patients  at  different  stages  of  phthisis.  They  succeeded  in  de- 
monstrating tuberculin  also  in  the  diseased  organs.  As  the  anti-tuberculin 
receptors  are  elaborated  at  the  tuberculous  focus,  and  as  they  usually 

'  For  a  clear  description  of  the  technique  and  of  the  controls  necessary,  see 
Wassennann  and  Bruck,  Miinehea.  rued.  Wchnschr.  (1006),  p.  2398,  and  Morgen- 
roth  and  Sterta,  Virohow'i  Archiv.   (1907),  188,  p.  186. 
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remain  sesgile  for  a  longer  wr  shorter  time  espocially  m  human  beings 
it  result'*  that  if  a  tubereulou"  patient  reeei^es  an  inoculation  of  tuber 
culm  nearh  all  of  the  "substance  become'*  attached  m  the  diseased  focus 
the  tuberculin  being  concentrated  from  the  plfl'^ma  b^  the  fixed  anti 
tuberculin  instead  of  being  allowed  to  d  ffuse  itself  throughout  the  bodv 
fluids  The  tesult  of  this  concentration  11  that  e\cn  a  minute  trace  of 
tuberculin  will  produce  the  well  known  tuberculin  reaction 

A  person  inoculated  with  tuberculin  will  produce  anti  tul  erculin 
and  eventually  set  it  free  and  possibly  patients  haimg  had  localized 
tuberculosis  for  a  long  time  niay  also  liberate  anti  tuberculin  into  the 
circulation  although  thirteen  asc*  were  negatne  Tbi'.  circulatinganti 
tuberculin  presents  the  action  of  a  sub'^equentlv  inoculated  dose  of 
tuberculin  This  fact  accounts  for  the  uncertainty  of  ihp  tuberculin 
reaction  in  the  more  chronic  eases  of  tuberculo^n 

The  amount  of  circulating  tuberculin  varies  in  individuals  and  in 
species  It  was  easiest  to  obtain  an  anti  tuberculin  serum  fr^m  cattle 
next  from  guinea  pigs  and  most  diffi  ult  to  obtain  it  from  human  beings 
Wassermann  and  Bmek  claim  that  tuberculous  eittle  intended  for 
importation  into  Cerman\  are  preiioutly  inoculated  with  tuberculin  so 
that  the\  will  not  reatt  to  the  official  tuberculin  test 

Bruck(f))  was  able  to  demonstrate  the  tuberculin  m  the  circulation 
five  da^s  after  the  onset  of  severe  '.ymptoms  during  the  course  of  aeute 
general  miliary  tuberculosis  and  again  on  the  eighth  la^  On  the 
twelfth  the  circulating  tuberculin  hid  lisappeared  and  the  serum  con 
tamed  anti  tuberculin  the  patient  s  condition  at  the  same  time  being 
improved  Fmallv  shortly  before  deith  the  anti  tuberculin  disappeared 
and  tuberculin  was  again  demonstrable 

Bruck  found  the  deflection  test  equally  satisfactory  in  the  diagnosis 
of  pleural  exudates  of  tl  e  spinal  fluid  in  meningoeocus  infection  of 
serum  from  t\phoid  fever  patients  and  in  gonococcus  infections(7) 
He  states  that  Bockenheimer  and  Lexer  could  diagnose  streptococcus 
sepsis  and  erysipelas  by  this  method  \  further  study  of  meningococ 
eui  infection  and  immunity  wit  mide  along  these  lines  b\  Kolle  and 
Wa'*8ermann(I8)  Mulkr  and  Oppenheim(21)  alto  applied  this  test 
successfulh  m  gonorrhoeal  arthritis  Koch  and  Bruck  m  mcningiti?  and 
EitnerC^)  m  diagnosing  lepros\  *  Finally  Wasserminn  A  Neisscr 
and  Bruck{36)  obtained  a  serum  from  monkeys  immunized  with  syphi 
litic  material  and  were  able  to  obtain  the  specific  deflection  reaction  with 
fresh  extracts  from  svphilitic  tissue  whereas  the  reactim  was  absent 
when  fresh  extracts  of  normal  organs  were  employ  d     This  result  was 

'Salomon,  Wien.  med.  Wchngeh.  (1907),  75,  121,  found  the  method  of  no  value 
in.  the  diagnosis  of  cancer. 
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coiifinne<l  iater(25)— from  70  to  75.5  per  cent  of  163  cases  giving  a  posi- 
tive result  either  for  syphilitic  virus  or  for  anti-syphilitic  reaction 
product.  They  could  demonstrate  the  virus  in  the  blood  of  patients 
taking  mercurv.  The  anti-bodies  were  particularlv  abundant  in  the  spinal 
fluid.  Wisserniann  and  Plaut(3'i')  emptoved  this  last  fact  m  th{  inves 
tigations  of  vamus  paralyse  Th(,>  tound  that  the  fpinal  fluid  from  a 
certain  number  of  parahtic^  contained  anti  sjphilitic  material  which 
acted  with  fresh  extracts  of  s^philitit  orgins  to  deflect  tomplement  In 
some  cases  the  upmal  fluid  of  a  para]>tic  had  slightly  greater  deflecting 
action  than  his  ■^rum  '  \\as  ermann(34)  notes  further  that  the  test  is 
available  fo    the  diagnosis  of  protwoon  infections 

The  results  obtained  b>  Wasiermanu  and  his  tolieagues  with  this 
method  are  certainly  cAtremely  interesting  in  fact  almost  startling  but 
tJie  work  m  other  laboratories  has  not  yet  given  that  confirmation  to  the 
claims  >f  Wassermann  which  juitifiea  us  in  accepting  them  unreserved^ 
ITie  criticisms  have  to  3eal  with  the  mechanism  of  the  phenomenon  on 
the  one  hand  and  on  the  ether  with  its  practical  laluc  in  diagnosis 
Furthermore  tht  application  of  thm  method  m  each  particular  infection 
raises  a  certain  number  of  special  question'' 

The  two  principal  h^potheaes  to  e\plain  the  deflection  have  been  out 
lined  abovi  Weil  and  Naki^ama  Axamit(l)  and  F  Mayer  (quoted  by 
Kanzi(31))  object  to  the  test  m  toto,  claiming  that  deflection  can  be 
produced  by  mixing  a  complement  serum  with  bacterial  extracts  alone 
without  any  antibacterial  serum  \\eichardt{38)  adds  that  deflection 
can  be  produced  bj  electrolysis  and  by  heat,  and  "Lni]enhuth{33)  found 
that  disappearance  ot  complement  can  be  brought  about  by  diverse  sub- 
stances producing  mechanical  prtcipitation,  while  Land  ate  iner  and 
Stankovic(19)  obtained  similar  results  with  colloidal  suspensions  It 
has  been  observed  that  albuminous  solutions  in  general  absorb  compk 
mont,  in  amounts  proportional  to  the  quantity  of  albumin  Wassermann 
and  Plant  recenth  rem  irked  upon  the  unaccountable  and  rapid  altera 
tions  in  deflecting  power  oicurrmg  m  the  extracts  ready  for  use  in 
the  experiment  and  upon  the  difEerenteb  between  various  txtncts,  sug 
gesting  that  these  differences  and  the  sediment  gradulh  forming  m 
even  the  clearest  extracts  are  autolytic  m  origin  They  speak  also  of  the 
need  of  determining  that  the  total  imount  of  albumin  m  the  various 
mixtures  is  not  sufficient  to  deflect  complement,  and  thtv  suggest  that 
only  extracts  be  used  which  m  0  1  cubic  centimeter  dosee  cause  no 
deflection. 

Moreschi(24)  has  recently  concluded  that  the  test  is  not  sufficiently 

'Recently  the  value  of  this  method  in  diagnosis  of  sjphilis  has  been  confirmed 
by  A.  Sohutze,  Bcrl.  Klin.  Wcknath.  { 1907 1 ,  126,  and  by  Marie  and  Levaditi,  Ann. 
de  I'Inst.  Pasteur  (1907),  XXI,  138. 
S7712 Z 
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(Itlitate  for  the  diagnosis  of  t}phoid  bacilli  at.  thi  bdtilli  aloni  an.  aj  t 
to  Lauiie  deflection  ° 

Furthermore  it  ha«  been  claimed  b^  fianp^hofner  and  Lan^Tier(14) 
that  deflection  varie«  atcordmg  to  the  amount  and  eonctntration  of  the 
infjredienti  and  that  an  (tcess  of  haemolvtic  amhoteptor  and  of  com 
plemtnt  destro^o  the  results  The  same  wiiter^  although  the\  find  the 
reattion  a  \Lr>  sensitive  one  conclude  that  it  is  not  adapted  to  the 
purjioses  of  chnieal  diagnosis  owing  to  the  man^  uncertainties  inherent 
in  suth  a  complicated  procedure 

Gengou(16)  tested  the  \alue  of  the  phenomenon  as  a  moaub:  of  diig 
nosing  tuherde  bacillus  using  a  do7en  different  acid  fast  batilli  for  rom- 
paripon  He  concluded  that  there  was  nothing  specific  about  the  reac 
tion  and  found  that  scrum  from  an  animal  immunized  against  one  acid- 
faet  bacillus  gave  the  deflection  test  when  emploved  with  other  species 
of  add  f  ist  bacilli 

Neisser  and  Sachs(38')  rephing  to  IHilenhuth's  objections  to  their 
forensic  teat  for  human  blood  emphasize  clearlv  the  ne^essiti  of  numer 
ouB  controls  as  a  basis  for  judging  the  results  obtained  ht,  this  method 
and  thev  show  that  TJhlenhuth  neglected  one  control  namely  the  testing 
of  the  deflecting  po«er  of  the  boiled  specimen  Thei  sa^  that  it  remains 
for  experience  to  demonstrate  whether  there  are  nonspecific  deflections 
which  will  make  the  test  valueless  The  negative  results  of  TThlenhuth 
and  of  Gtngou  are  possibU  due  to  incompleteness  m  their  technical 
arrangements  tspccialh  to  the  incompleteness  of  the  controls  and  these 
results  must  be  confirmed  before  the\  can  be  accepted 

If  we  summarize  this  work  we  mav  sai  that  the  general  results  form 
an  addition  to  our  knowledge  of  the  mechanism  of  anti  body  reaction 
although  the  mechanism  of  deflection  itself  remains  obscure  What 
relation  this  reaction  bears  to  specific  anti  complement  action  or  to  tl  e 
absorption  of  complement  by  im  albuminous  serum  or  to  mechanical 
precipitation  la  not  clear  Before  pronouncing  final  judgment  upon 
the  results  described  in  this  review  we  must  await  the  work  of  others 
m  this  field  for  the  number  of  factors  entering  into  each  experiment 
increases  the  chances  of  error  m  technique  and  m  ludgment  to  an  extent 
that  can  onlv  be  controlled  bi  an  abundance  of  e\ilence  This  is  par 
tiLularly  true  of  the  class  of  experiments  in  which  the  serum  is  obtained 
from  animals  immunized  by  inoculation  with  infected  organs  fcr  hi.re 
the  amount  of  infecting  material  must  be  slight  compared  to  that  of 
organ  material  inoculated    and  therefore  there  is  gre^t  danger  lest  the 

■Leuchs  T  Berl  khn  Wohnsch  (1907)  44  68  and  iO"  hn-!  replied  to 
Moreachi  a  critiMsm  and  contends  that  the  defleetitn  method  ig  exceptionally 
accurate  delicate  and  ipeiifie  in  di'ijrnosiiiR  typhoid  feiei  from  ther  bicteria  such 
as  paratyphoid 
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organ-antibodies  obscure  the  phenomenon  duo  to  any  existing  infection- 
antibodies.  Of  course  any  experimental  evidence,  either  for  or  against, 
must  be  reenforced  with  all  of  the  numerous  controls  demanded,  or  must 
prove  the  uselessness  of  these  controls. 

It  is  quite  possible  that  these  studies  will  throw  some  light  upon  the 
nature  of  complement.  The  use  of  the  method  outlined  above  for  ordi- 
nary clinical  diagnosis  is  evidently  out  of  the  question  at  the  present  time 
because  of  the  special  training  required,  but  if  the  results  above  described 
are  confirmed,  it  may  well  furnish  a  means  for  aiding  in  the  discovery 
of  yet  unknown  infectious  agents,  and  in  diagnosis,  when  employed  by 
suitably  trained  specialists. 

Finally,  we  may  refer  once  more  to  the  interesting  results  obtained  by 
applying  this  method  to  the  study  of  the  pathologic  physiology  of  tuber- 
culosis and  of  syphilis. 

That  the  technique  is  a  difficult  and  complicated  one  has  been  pointed 
out  with  sufficient  emphasis.  Tt  remains  to  investigate  critically  the 
constancy  and  accuracy  of  the  method  and  to  remove  or  mitigate  sources 

In  concluding  T  wish  to  refer  to  one  other  suggestion  made  by  Was- 
sermann  and  Bruck(35)  to  the  effect  that  the  softening  occurring  in  a 
tuberculous  focus  is  brought  about  by  the  enzyme-like  aetion  of  comple- 
ment which  is  bound  in  the  diseased  tissues  by  the  recurring  union  of 
tuberculin  and  anti-tuberculin.  They  think  that  the  complement  comes 
from  both  the  broken  down  leucocytes  and  from  the  infiltrating  small 
round  cells.  They  attribute  the  fever  partly  to  a  nonspecific  effect  such 
as  follows  the  injection  of  any  bacterial  preparation  and  partly  to  the 
specific  action  upon  the  tuberculous  tissue  of  material  derived  from  the 
bacilli.  However,  another  possibility  suggests  itself.  We  know  that 
complement  is  blocked  in  the  union  of  tuberculin  and  anti-tuberculin, 
and  on  the  other  hand  we  must  suppose  that  complement  has  some 
definite  function  to  perform  in  the  healthy  body,  probahly  some  function 
having  to  do  with  metabolism.  Now  it  seems  reasonable  to  suppose  that 
the  removal  of  complement  in  normal  function  must  upset  the  physio- 
logical processes  occurring  in  the  body.  This  may  well  bo  true  even 
when  the  binding  of  complement  occurs  locally  as  in  an  isolated  tuber- 
culous focus,  but  in  the  reaction  to  a  general  infection,  when  bacterial 
substance  and  anti-substance  are  being  bound  in  widely  scattered  parte 
of  the  body,  or  in  the  circulation,  an  enormous  amount  of  complement 
may  be  blocked.  It  will  be  important  to  determine  how  much  com- 
plement is  so  blocked  during  infections,  whether  definite  complements 
are  blocked  by  certain  bacteria  and  whether  there  is  any  relation  between 
the  symptoms  and  the  loss  of  complement. 

It  was  recently  found  by  Pfeifrer(30),  that  the  loss  of  available  com-" 
plement  in  the  living  body  interferes  with  bacteriolysis. 
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11,    THE  AGORESSIN    HYPOTHESIS. 

Bail's  studies  in  infection  and  immunity  convinced  him  that  hactcrio- 
Ijsis  has  little  or  nothing  to  do  with  true  immunity  against  disease  and 
that  Ehrlich  and  his  school  have  followed  the  wrong  clue.  He  brings 
forward  the  following  facts  in  support  of  this  contention : 

(a)  A  rabhit  is  susceptible  to  anthrax,  although  its  serum  Is  lytic  for 
the  germ,  while  the  naturally  immune  fowl  has  a  serum  which  is  not 
lytic- 

(h)  In  rabbits  immunized  against  anthrax,  and  in  those  passively 
immunized,  there  is  no  bacteriolytic  power.  Bacteria  disappear  grad- 
ually as  the  result  of  the  phagocytic  action  of  cells,  chiefly  marrow  cells, 
but  do  not  disappear  suddenly  because  of  lysis. 

Sobemheim  found  that  animals  upon  which  he  conferred  a  high 
immunity  against  anthrax  exhibited  no  agglutinating  action  and  no 
lytic  action,  whereas  his  guinea  pigs,  immunized  with  the  anthrax 
bacilli  which  had  been  grown  at  high  temperatures  or  killed,  exhibited 
no  true  immunity,  but  a  rich  content  in  immune  bodies,  the  richest 
anti-body  serums  hoiveier  afEording  no  true  immunity.  Bail  found 
similar  but  not  identical   relation'!  to  hold  with  typhoid 

(c)  A  comparison  of  the  sera  of  sheep  rabbits  and  cattle  shows 
great  variation's  m  the  amount  of  immune  bodies  contained,  while  these 
animals  are  nearh  equilh  susceptible  to  anthrax 

(d)  Tn  test  tube  experiments  a  bacteriolvtic  serum  is  blocked  when 
the  conditions  are  approximated  to  thfise  m  the  bod>  by  adding  body 
cells  to  the  fluid 

(e)  Evidence  is  furnished  (Hoke)  that  what  has  been  said  of  anthrax 
holds  for  other  organisms 

(f)  Bail  concluded  from  bis  studies  that  animals  which  survivethe 
Pfeiffer  test  owe  their  lues  not  to  hacterioh sis  but  to  active  phagocytosis. 
He  considers  that  the  virulence  of  bacteria  depends  not  upon  toxin  pro- 
duction, but  upon  tht  power  of  the  bacteria  to  multiplv  in  the  infected 
body.  He  shows  that  after  intravenous  inoculations  of  animals,  one 
with  anthrax  the  other  with  hay  bacillut  the  earlv  reactions  are  the 
same  in  the  two  ammal&  the  differentc  appearing  only  w:hen  anthrax 
begins  to  multiply,  and  even  very  shortly  before  death  the  organs  of  the 
anthrax  animal  are  sterile. 

He  then  seeks  to  explain  the  fact  that  a  very  small  number  of  patho- 
genic bacteria  may  manage  to  obtain  a  foothold  in  the  infected  body  and 
survive  the  attacks  of  the  agencies  protecting  their  host.  He  assumes 
that  the  protective  body-forces  are  interfered  with  in  some  way,  at  first 

"  For  other  examplea  of  this  eonditioii  see  Deutech  and  Feistmanlel. 


Hosted  by 


Google 


IMMUNITY    KESEARCH.  353 

locally  and  then  generally,  by  certain  obscure,  hypothetical  substances 
which  he  calls  "aggreesins." 

He  states  that  these  substances,  which  he  occasionally  refers  to  as 
simple  manifestations  of  energy,  are  minute  particles  "of  a  special  kind" 
thrown  off  or  secreted  by  living,  uninjured  bacteria.  These  particles  do 
not  come  from  solution  of  the  bacteria,  nor  arc  they  extracts  of  bacteria ; 
they  are  thrown  off  as  the  result  of  irritation,  which,  he  claims,  is  a 
very  different  process.  He  emphasizes  particularly  and  repeatedly  the 
importance  of  having  living  and  uninjured  bacteria  in  order  to  obtain 
aggronsms  '  The  aggre«8m«  are  capable  of  promoting  infection  they  ma\ 
be  preformed  m  the  bacterium  but  they  are  actwe  onlv  m  the  infected 
bod>  The\  are  contained  m  the  infectious  exudates  «u<.h  as  serou'. 
(xudates  and  mflammatorj  cedemas  and  ma^  be  recovered  by  centnf 
ugalization  and  sterilization  at  low  temperature  being  f>und  then  in 
the  fluid  part  of  the  exudate  The  -lubetances  are  different  from  an'v 
thing  hitherto  recognized  and  their  peculiarities  are  that  the^  promote 
the  de\elopment  of  an  iiifettion  and  that  they  interfere  with  the  action 
of  the  protective  bodv  forte*  of  the  infected  hoit  particularly  if  not 
"lolelv  b\  inhibiting  phagocvtosis 

The  properties  of  aggressin  ma\  be  grouped  together  as  follows 

]  'Sterilized  aftgre'i^iii  added  to  nonlethal  doses  of  the  corresponding  baeilliis 
makes  these  doaea  fatal  Thus  flteriJiied  tjphoid  aggressin  added  io  a,  nonfatal 
doai,  of  typhoid  bacilli  and  inoculated  causes  death  This  action  is  apparentU 
a  stimulation  of  the  bacteria  fio  Ihat  they  produce  toxins.  \pparentl>  he  dois 
not  distinguish  between  promotion  of  infection  due  to  stimulation  of  the  bacteria 
and  that  due  to  inhibition  of  the  protective  mechanism  of  the  host 

>  Fatal  doses  of  bacteria  act  more  severely  and  acutely  upon  the  addition  of  ag 
gres&in 

3  Inoculations  f  aggressins  into  the  peritoneal  cavity  suspend  the  action  of  a 
bacteriolytic  serum  introduced  at  the  same  time 

4  Inoculations  of  aggressin  confer  immunitj  which  is  entireli  different  from 
bactericidal  immunity 

5  Heating  for  one  half  hour  to  a  temperature  between  55°  and  «0°  de^troTs 
aggreasm  sterilization  with  chloroform  toluol  or  dilute  carbolic  acid  weakens  it 
and  the  centnfugated  aggressin  exudate  is  to  be  Ht^rilized  b\  heating  to  44°  m 
order  to  preserve  it  for  future  i-^e 

6  Injections  of  aggressin  alone  are  onl\  slowlj  poisonous  and  never  acutelt 
fatal 

"    A  fatal  duse  produces  a  prolonged  illness    with  emaciation  preceding  death 
8    Not  all  exudates  contain  aggresain   and  it  vanes  considerably  m  quantity  in 
diflerent  exudates   which  otherwise  appear  idmtical 

•*   The  aggressin  is  u^uallj  most  abundant  in  piudates  which  are  rich  in  cells. 

10  Aggressins  varv  according  to  their  age  and  mode  of  production,  and  it  in 
possible,  by  means  of  serial  inoculations,  to  increase  the  aggressive  action  of  suc- 
cessive exudates  »erv  considerablj  although  a  point  is  finally  reached  at  which 
the  series  may  suddenly  terminate 

11  Aggressins  with  bacteria  block  phagocytosis— that  is,  they  are  negatively 
cliemiotactic — but  aggressins  alone  act  very  slightly. 
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Basing  his  classification  upun  tlif  powpr  to  produce  afgr(>ssine  Bail 
dnidetl  bacttna  into 

(a)  True  parasites  which  always  produce  dggrc=!8ins  (b)  half  para 
sitch   the  aggressin  power  of  which  is  >er\  variable    (c)  saprophytes 

The  bodv  nia>  develop  batteneidal  immunity  against  the  half  [  ira 
site-,  but  not  a^inst  true  parasites  \i  tvpes  of  true  parasitys  he  gncs 
anthrax  anl  thicken  cholera  germs  the  aggrossiv  action  of  which  i-, 
unfailing  Artihciil  extracts  of  these  germi  ha\e  no  aggressive  action 
Most  epidemic  di  eases  are  produced  b\  half  parasites  as  types  of  which 
he  gives  typhoid  cholera  d\sentery  and  plague  The  to\icity  ot  the 
half  paiasites  \<f  often  extremely  high 

The  toxicitv  ot  a  germ  has  nothing  to  do  with  aggressivit^  and  ex 
tremely  toxic  bacte  la  may  be  half  parasites  the  class  depends  upon  the 
capacity  of  the  germ  to  infect  un  ler  all  conditions,  the  susceptible  living 
creature  from  its  own  nitural  habitat  that  is  the  animal  that  has  tuc 
cumbed  True  parasites  readily  furnish  an  immunity  bv  the  aggressin 
method  I  ut  their  extracts  do  not  even  confer  a  heightened  resistance 
Half  parasites  \ar\  in  their  power  to  pro  luce  aggiessms  and  to  confer 
an  anti  aggressive  immunity 

There  have  been  numerous  objections  to  the  claims  made  by  Bail  and 
a  bene  of  articles  has  been  published  on  this  subject  from  different 
laboratories  while  Bail  and  h&  pupili  h-nc  undertaken  to  wpport  and 
strengthen  the  aggressin  doctrine  as  Bail  names  his  hypothesis  Pfeif 
fer  and  rrie<iberger(8}  ha\e  thown  that  Bails  attempt  to  explain  the 
blocking  of  the  bacteriolytic  action  of  a  serum  as  due  to  aggressins  is 
n>t  tenable 

Wassermaun  and  Citron(ll)  dispute  Bail  s  claim  that  he  is  dealing 
with  a  new  sub  tance  never  before  found  outside  of  the  infected  bod^ 
Ihey  obtained  aggressins  {a)  bj  growing  bacteria  in  sterile  exudates 
in  test  tubes  (6)  by  growing  bideria  m  sterile  normal  rabbit  serum  m 
test  tubes  anl  (c)  b^  making  oqueois  extracts  of  bacteria  They 
concluded  that  Bail  had  nothing  new  but  was  deilmg  wjth  li  solved 
bacterial  substances  However  (.itron(4)  in  a  later  article  notes  that 
there  are  differences  between  the  extracts  prepareJ  b>  diffetent  proce 
dures  and  believes  that  according  tD  present  evidence  it  is  probable  that 
the  most  effective  aggressins  can  be  extracted  onlj  ftom  living  bacteria 

Bouchard  as  long  ago  as  1891  obtained  topical  aggressin  actions  by 
inoculating  soluble  bacterial  products  tcgether  with  the  bacteria 

Strong(lO)  b>  using  aqueous  extracts  of  plague  >btained  a  mild 
immunitv  m  monkeys  which  however  wis  not  lemonstiahle  m  guinea 
pigB  Tl  is  IB  of  particular  importance  from  the  fact  that  plague  im 
munitv  IS  known  to  le  non  bactenohtic  iinmunitv  and  Bui  states  re 
peitetllv  that  non  b  ctenthtic  immunit\  is  fhiriet  ristic     1   iggre    ins 
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Doerr{5)  also  thinks  that  Bail  is  dealing  with  dissolved  bacterial  sub- 
btancoe,  as  he  obtained  the  precipitin  reaction  with  aggressive  exudates, 
and  ho  brings  forward  criticism  against  the  work  of  Bail,  on  the  score 
of  the  inaccuracy  of  the  so-called  sublethal  doses.  He  also  found  that 
aggressins  are  of  themselves  injurious,  and  that  one  aggressin  promotes 
infection  with  a  different  species  of  bacillus. 

Levy  and  Fornet(7)  were  able  to  demonstrate  the  aggreflsiye  nature 
of  filtrates  of  34-  to  48-hour  bouillon  cultures  of  typhoid  and  paratyphoid 
bacilli.  They  found  that  these  filtrates  were  "infection-promoting"  to 
the  extent  of  increasing  fivefold  the  virulence  of  typhoid  bacilli.  The 
addition  of  filtrate  or  exudate  aggressin  to  leucocytes  blocked  the  phago- 
cytic power  against  typhoid  bacilli,  which  was  otherwise  present.' 

Ballner(3)  found  that  nonbacterial  exudates  obtained  from  guinea 
pigs  increased  the  infectious  action  of  Priedlander's  bacillus  in  rabbits, 
in  other  words  exercised  an  aggressive  action.  He  could  not  obtain  an 
ariti-aggnssin  immunity  with  this  germ. 

Wolif-Eisner{13)  reviews  the  aggressin  literature  at  length  and  con- 
cludes that  the  aggressins  are  nothing  but  endotoxins  from  bacteria; 
that  they  alone  are  not  present  in  suflicient  amount  to  act  strongly,  but 
that,  upon  addition  of  fresh  bacteria,  a  summation  effect  is  obtained  and 
the  animal  dies  quickly.  He  thinks  this  also  explains  the  negative 
chemiotaxis  occurring  with  aggressins. 

What  part  the  aggressin  plays  in  the  blocking  of  leucocytosis  is  also 
in  dispute.  Citron,  in  studying  meningococcus  found  that  there  was 
no  relationship  b'etween  aggressivity  and  power  to  block  phagocytosis, 
while  Salus'  work  raises  the  question  as  to  whether  the  aggressin  action 
is  anti-chemiotaetic  at  all,  as  the  aggressin  acts  even  though  it  is  injected 
in  a  different  part  of  the  body  from  the  bacteria. 

On  the  other  hand.  Bail  and  his  school  have  published  a  aeries  of 
articles  dealing  with  the  aggressins  in  cholera,  typhoid,  dysentery,  plague, 
tuberculosis,  Badllvs  subtilis,  chicken  cholera,  hog  cholera,  pneumocoe- 
eus  and  staphylococcus. 

Bail  has  satisfied  himself  that  aggressin  action  occurs  in  tuberculosis 
also,  although  in  this  case  active  phagocytosis  continued  after  addition 
of  aggressins.  Koch  long  ago  obtained  the  same  action  by  the  use  of 
dead  cultures  thus  ruling  ut  in}  Mtal  action  in  the  production  of 
aggressins 

The  list  article  from  Bail  is  i  lengths  rejoinder  to  the  criticism  of 
Wasserminn  and  titron  He  rontendt.  that  the  extract'  used  b\  \\a« 
sermann  and  Citron  are  altogether  different  from  aggressins    and  that 

■*  Concerning  Bail  a  stat«nipnt  that  the  aggressive  pr  pert^  of  bodj  fluidn  it 
due  to  oecretion  produrta  fr^ni  lactena  nee  v  Pirquet  and  Shick  Die  Serum 
kranklieit        ttien    1905 
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^  properties  which  thoy  find  in  those  e\tract  in  no  way  alter 
the  aignihcami  of  the  [TDperties  that  he  hat.  attnbutLil  to  ag^eusms 
The  points  of  difference  between  the  natural  aggres'sin  obtained  from 
infected  animalB  b\  Bail  s  method  and  the  artificial  aggre'sgins  ob 
tamed  by  the  canons  e\tracti\e  procedures  are  diseusbed  at  length 

1  In  the  (.a'%0  ot  holera  natural  age^'Chsins  promote  the  infection 
lut  d(  not  destroy  or  itop  lyiis  of  the  spiriUum  nor  cause  k«&  of  1.0m 
plement  e\en  when  tested  b>  the  deflection  te-t  the  complement  being 
present  not  onh  in  the  infected  body  but  alto  in  the  aggressm  exudate 
itself  whereas  the  artificial  aggresMn  blocks  Ijsis  strongly  anil  promotes 
infection  b^   this  means 

2  Similarly  when  aggre  sin  and  a  ipecihc  serum  are  inoculated  into 
the  peritoneal  canity  ot  a  guinea  pig  the>  do  not  blotk  h'iis  wlicreis 
the  artificial  aggres'*in  with  a  Bj.ecihc  seruni  dees  so 

3  Aqueous  extracts  of  cholera  and  tvphoid  are  so  full  of  bacterial 
particles  that  they  furnish  a  precipitate  e^en  in  the  presence  of  a  normal 
werum  while  natural  aggressms  ma\  altogether  fail  to  precipitate  even 
in  the  presence  of  a  strong  spwihe  serum  The  artificial  aggreasms 
do  not  occur  m  the  course  of  natural  infections  anil  hence  are  altogether 
removed  from  compari  on  with  natuial  aggresbins 

However  after  disputing  vimlentlv  the  contention  of  Wassermann 
and  titron  that  Bail  is  dealing  with  e\tracts  ot  bacterial  substance  the 
latter  makes  certain  conces  ions  He  state  that  shaking  bacteria  m 
distilled  water  injures  the  bacteria  The  extracts  therefore  tlo  not 
fulfill  the  requirements  of  aggressins  as  defined  b\  Bail  but  he  adds 
"although  we  acknowledge  that  some  bacteria  ha^e  looseh  separated 
aggressm  easily  haken  off  and  to  be  obtained  in  small  amounts  \gain 
"it  IS  not  impoftsilile  that  aggref-sm  preexisting  m  the  animal  body  may 
be  recovered  in  small  amounts  ixtra  corpus  and  he  finalh  expresses  a 
belief  that  som  of  Citron  artificial  aggressms  obtained  from  living 
bacteria  contained  small  amounts  of  natural  aggressm  intermixed 
Again  he  states  that  not  every  exudate  is  aggressive  and  not  c\er\ 
aggressive  exudate  evidences  pure  aggressivity.  In  addition  to  the  ag- 
gressive substances — if  there  are  such — there  may  be  present  in  an 
exudate  or  cedema  "ordinary  bacterial  substances  which  are  the  original 
artificial  aggresains  of  Wasaermann  and  Citron  and  it  is  these  latter 
which  block  hsemolysis." 

He  also  states  with  regard  to  the  solution  of  bacterial  substances  that 
in  experiments  with  typhoid  he  almost  always  obtained  aggressins  in 
hie  exudates,  but  could  prove  by  the  method  of  complement  deflection 
that  ordinary  bacterial  particles  were  not  in  the  exudate.  The  indica- 
tions are  that  the  aggressivity  of  exudatos  is  in  inverse  ratio  to  the 
power  to  deflect  complement.      lie  holds  that  complement  deflection  is 
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duo  to  bacterial  particles  causing  precipitation.  No  essential  solution 
of  bacterial  bubstance,  then,  occurs  in  the  animals,  which  fact  agrees, 
he  thinks,  with  the  one  that  typhoid  bacilli  after  inoculation  rapidly 
acquire  a  re>-istance  to  bactenolvsis  However,  with  cholera  the  caie 
IS  different  the  exudate  containing  disaohed  bacterial  lubstance  m 
"solution 

The  eoncluiion  is  pvident  that  it  depends  upon  the  course  of  Hti  infection 
whether  an  animal  ha-i  in  its  exudate  larger  or  smallei  anounto  of  dissohed 
bacterial  substan  e 

Ihe  imallei  the  amount  cf  difsohed  bacterial  substance  m  an  exudate 
as  determined  bi  complement  deflection  the  stronger  11  the  aggressive 
action  of  the  exudate 

These  statements  indicate  a  distinct  recession  from  Bails  original 
position  for  on  the  one  hand  he  acknowlelges  that  artificial  bacterial 
extracts  may  contain  aggressin  and  on  the  other  that  aggressive  exu 
dates  mai  contain  in  wlntion  other  bacterial  substances  together  with 
aggreafcins 

Bail  also  discus&es  at  length  the  relation  between  complement  deflec 
tion  and  precipitation  particularly  with  regard  to  its  bearing  upon  our 
understanding  of  aggrcssms  \Vhik  artificial  aggressraa  inhibit  bac 
ttnolysi'!  Bail  notes  that  the  thud  of  a  series  of  guinea  pigs  inoculated 
m  turn  with  cholera  furnisher  a  natural  aggreshin  which  contains  com 
plement  completing  tht  action  of  anti-cholera  serum  This  complement 
action  of  the  aggressin  exudate  is  strmger  m  the  third  than  m  the 
second  of  a  aeries  of  guinea  pigs  and  stronger  in  the  second  thin  in 
the  fir'-t  This  change  is  so  reguhr  that  when  it  is  absent  it  is  safe  to 
attribute  it  to  an  ovprdose  <  f  bacteria  in  setting  the  tcbt 

In  serial  moeulations  aggressmty  mereases  until  the  danger  arises 
that  the  series  will  cease  from  some  cause  not  clearly  understood  As 
the  aggressnitv  increases  there  it,  a  decrease  m  the  power  of  the  exudate 
to  block  hsemol^'iis  Bail  brings  this  forward  in  rebuttal  of  Citrons 
argument  that  the  power  to  block  haemolysis  furnishes  an  index  of  the 
aggressmty  of  the  exudate  He  discusbcs  the  phenomena  of  precipita 
tjon  complement  deflection  and  multiphcit\  of  complements  He 
agrees  completely  w  ith  Morescbi  that  deflection  is  not  a  function  of  the 
union  ot  amboceptors  with  hpecifie  substances  but  is  due  to  gross  or 
microscojuc  precipitation 

He  states  tl  at  he  disregards  the  pluraliti  of  complement  idea  which 
he  thinks  was  oTerthr>wn  b\  the  discovery  of  complement  deflectun 
and  he  agrees  with  Bordet  in  looking  upon  complement  as  a  single 
fermentative  com  plement  ative  activity"  of  the  b<x)\  juices  However 
ho  IB  not  consistent  m  this  position  for  he  finds  that  in  some  of  his 
Bggressin  experiments  the  hearts  blood  of  the  animal  contains  haemohtie 
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complements,  "and  usually  bactericidal  complement  not  only  for  chol- 
era and  typhoid,  but  also  for  anthrax."  This  is  a  tacit  confession  that 
different  complements  are  needed  in  these  different  reactions. 

He  does  not  agree  with  Citron  in  attributing  to  natural  aggressin  the 
power  of  eompiement  absorption,  hut  he  gives  examples  showing  how 
natural  aggressins  may  lead  to  the  blocking  of  heemolysis. 

Bail  considers  that  the  leucocytes  are  the  chief  source  of  complement. 
He  thinks  that  extracts  of  bacilli  hold  back  leucocytes  more  than  natural 
aggressins  do.  He  believes  that  inoculation  of  extracts  acts  just  as  does 
the  inoculation  of  larger  amounts  of  bacteria  to  promote  the  growth  of 
the  inoculated  bacteria  so  that  these,  by  means  of  their  newly  acquired 
aggressivity,  restrain  the  growth  of  leucocytes.  This  is  rather  a  com- 
plicated mode  of  procedure.  Aggressin  alone  has  no  power  to  bind 
leucocytes,  but  only  acts  in  the  presence  of  bacteria.  This  he  can  not 
explain,  but  he  found  qualitative  differences.  Tlie  addition  of  cholera 
aggressin  causes  death  by  intoxication  with  no  leucocytosis  in  a  guinea 
pig  previously  inoculated  with  cholera  and  anti-cholera  serum,  the  action 
being  unlike  that  following  the  addition  of  cholera  extracts  or  of  sterile 
bouillon.  This  he  brings  forward  as  an  additional  proof  of  the  difference 
between  artificial  and  natural  aggressins. 

Turning  to  the  question  of  immunity  against  infections,  Bail  holds 
that  anti-hacterial  immunity  is  not  a  true  immunity,  and  that  this  can 
be  given  only  by  creating  "anti-aggressin."  These  anti-aggressins  are 
distinctly  different  from  anti-bacterial  substances,  for  the  anti-aggressin 
immunity  is  certainly  not  bactericidal  immunity  in  the  eases  of  anthrax, 
chicken  cholera,  swine  plague,  and  plague,  dysentery,  capsulated  bacillus, 
and  typhoid;  while  in  the  case  of  cholera  he  has  never  succeeded  in 
obtaining  an  anti-aggressin  immunity  which  did  not  also  exhibit  a 
bacteriolytic  immunity.  The  determinations  in  these  cases  were  made 
both  by  test-tube  experiments  and  by  Pfeiffer  tests.  The  anti-aggressin 
immunity  is  a  phagocytic  immunity,  at  least  In  the  case  of  typhoid. 

However,  even  with  strong  anti- aggressive  immunity,  the  infecting 
bacteria  may  survive  and  multiply  in  the  host,  but  they  cause  no  symp- 
toms. Citron  could  also  verify  this,  finding  virulent  hog  cholera  bacilli 
in  an  immunized  animal  after  five  and  one-half  months.  He  contends 
not  only  that  bactericidal  immunity  is  not  a  true  immunity,  but  that  this 
bactericidal  power  can  not  be  deduced  from  the  power  of  the  serum  to 
block  hemolysis ;  and,  further,  he  claims  tha.t  Wassermann  and  Citon 
are  wrong  in  regarding  the  presence  of  amboceptors  in  an  inoculated 
animal  as  an  index  that  the  reaction  of  immunity  has  occurred  in  those 
cases  in  which  the  cholera  germ  is  still  capable  of  living  somewhere  in 
the  body  of  the  immunized  individual. 

Bail  gives  the  occurrence  of  strong  phagocytosis  in  spite  of  severe 
infection  as  a  characteristic  of  anti-aggressin  immunity. 

There  is  a  negative  stage  after  the  inoculation  of  aggressin  during 
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which  the  animal  exhibits  marked  hypersuseeptibility  to  fresh  inoculations 
of  the  germ.  He  also  states  that  anti-aggreesin  immunity  is  one  of  tho 
oldest  methods  of  immunization,  although  its  essentials  were  never  before 
understood.  He  claims  that  the  experiments  of  Wassermann,  Ostertag 
and  Citron  with  vaccination  with  suitably  weakened  bacilli,  is  nothing 
hut  a  modified  form  of  Pasteur's  immunization,  and  adds :  "We  consider 
r  immunity  as  the  only  true  immunity,  but  it  is  nothing  else  than 
I  immunity.  This  is  shown  by  its  not  having  a  high  content 
in  anti-bodies." 

A  review  of  the  work  both  for  and  against  aggressins  leaves  it  ques- 
tionable whether  Bail  and  his  school  have  made  any  real  contribution 
to  bacteriology  or  immunity.  It  is  by  no  means  an  easy  matter,  in  many 
cases  to  obtain  a  clear  idea  of  their  meaning  but  some  of  the  phenomena, 
which  the\  describe  as  aggreiisive  in  nature  can  har']l\  be  due  to  any 
single  cauhc  and  are  probably  to  be  e\plain(.d  by  considenng  together  a 
series  of  procesaea  in  the  bacteria  ai  d  another  series  m  the  infected  host. 
Their  claim  that  thtir  aggressini  are  iiewlv  descnbed  substances  has  been 
nearly  overthrown  and  most  of  the  characteristics  have  been  found  under 
other  conditions  \s  to  the  newness  of  anti  aggretsin  immunity  all 
doubt  1'-  set  at  rest  hy  Bail  8  statement  that  it  is  the  'iame  as  Pasteur's 
immunity 

The  lessons  tD  he  learned  from  the  aggressin  work  are  not  new  the 
lime  lessons  are  btmg  taught  by  the  workers  upon  opsonins  and  (.ndo- 
to\ms   and  they  are 

1  That  there  are  *erv  great  difEerencea  m  actnit^  between  otherwise 
apparently  identical  trams  of  a  species  of  bacterium  '  That  bacteria 
undergo  some  important  alteration  wl  en  trvnsferred  from  a  saprophytic 
to  a  parasitic  e\istence  3  That  there  are  marked  differences  in  the 
reactions  occurring  m  various  species  of  bacteria  after  they  are  inoculated 
into  animals;  4  That  the  phenomena  of  agglutination,  bacteriolysis  or 
phagocytosis  do  not  separately  afford  an  explanation  of  anti-infectious 
immunity,  5  That  the  products  of  bacterial  metabolism  are  numerous 
and  differ  among  themselves  and  that  the  products  differ  according  to 
tho  pithogenieity  of  the  baeterial  strain. 
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INFANT  FEEDING  AND  ITS  INFLUENCE  UPON  INFANT 
MORTALITY  IN  THE  PHILIPPINE  ISLANDS.' 

[Copyrighted  in  tbe  Pbilippine  Islands,  September,  1807.] 

B>  U    h   MtsrRAi'E  and  Geoege  F.  Richuond. 
{From  Ihe  Bioioy  loI  and  (hi    ical  Laburatortes,  Bureau  of  Science.) 

I.  Tntrodictiom 

II.    HABITS    \t,D    CtSrOMS   OF   THL    I  E»1'LE. 
A    Tl  e  native  mother 
B    The  nutue  ehijd 
L    The  foreign  nKther  and  chill 
ill.    A  irtDi   in    THL  COhDIlIONS    \S   TliliY    EXIST  AT   I'llKSIiNT. 
The  a\ailable  fooiJ  supplj 
(a)   Human  milk 
(6)   Other  freah  niilka 

1  (_on«   milk 

2  Goats  milk 

J  Carabao  s  milk 
(e)   Pieseried  milks 

1  Cold  storage  milk 

2  Sterilized  milk   (not  condenaed  I 

3  Condensed  whole  milk   |so-eal!pd  evaporated  cream). 

4  Condensed  milk   (sweetened  or  modified|. 

5  Malted  milks 

III)   Foods  other  than  milk 

1    The  home  made  foodn 
Imported  prepand  foods 


3    Dilu( 


IV.  Diet. 


INIRODULIKjN 


Infant  mortality  is  the  most  serious,  important  and  urgent  problem 
in  preventive  medicine  in  the  Philippine  Islands.  The  following  figures 
of  births  and  deaths  for  the  City  of  Mati-ila  are  taken  from  the  records 
of  the  Bureau  of  Health : 


,„,. 

Births. 

Deaths. 

Deaths 
(under  1 

1903 

»,3S7 
6,3« 

9,m 
»,T31 

8.872 
6,029 
1,076 

1905 

T  lal 

26,186 

39,968 

1S,TM 

'  Eead  by  abstract  at  the  Fourth  Annual  Meeting  of  the   Philippine   Islands 
Medical  Association,  March  3,  1907. 
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The  number  18,791),  for  the  deaths  of  infants  under  1  year  of  age, 
represents  47  per  cent  of  the  total  mortality,  and  71  per  cent  of  tlio 
total  recorded  births. 

No  reliable  figures  are  available  from  the  provinces,  but  it  is  probable 
that  the  ratios  vfill  not  be  found  materially  to  differ  from  the  ones  derive<l 
from  the  records  in  Manila,  for  whereas  Manila  has  better  sanitary  condi- ' 
tions,  and  the  services  of  hospitals,  physicians  and  nurses  are  more 
regularly  sought  in  the  city,  the  provinces  on  the  other  hand  have  fresher 
and  better  milk  ami  other  foods,  and  infections  are  perhaps  less  frequent. 

Three  hundred  and  seven  American  children  were  bom  during  the  four 
years  covered  by  these  statistics,  and  while  no  accurate  figures  are  avail- 
able, the  infant  mortality  among  these  was  less  than  5  per  cent.  Very 
similar  results  are  obtained  from  statistics  which  one  of  us  personally 
compiled,  containing  the  record  of  150  native  children  bom  to  educated 
parents  during  the  same  period  of  time.  However,  in  these  two  classes 
of  patients  rachitic  tendencies,  marasmus,  amemJa  and  other  damaging 
influences  of  malnutrition  are  sufficiently  prevalent  to  prove  that  even 
in  the  absence  of  pure,  fresh  milk,  we  are  not  using  the  available  foods 
to  the  best  advantage 

On  examining  the  recorded  causes  of  death  a  little  more  closely  we 
find  some  interesting  and  instructive  figures  regarding  the  death  of 
18,795  infants  in  Manila  during  the  last  four  years.  In  10,484  instances 
the  cause  of  death  is  given  as  convulsions ;  in  1,416  (for  three  years  only) 
diarrhceal  diseases  and  dysentery;  and  in  780  (for  three  years  only) 
simple  meningitis  is  credited  with  the  fatal  result.  In  addition  to  these 
figures  large  numbers  of  certificates  of  death  where  the  cause  is  given  as 
tetanus,  lack  of  care,  debility,  etc.,  are  recorded.  We  but  confirm  the 
expressed  opinion  of  Major  E.  C.  Carter,  formerly  Commissioner  of 
Health  for  the  Philippine  Islands,  and  many  other  prominent  health  of- 
ficials and  physicians,  in  stating  that  an  overwhelming  percentage  of 
the  10,484  deaths  reported  as  due  to  convulsions  were  in  reality  caused  by 
gastro-intestinal  diseases,  the  result  of  dietetic  errors ;  this  number 
may  ali'o  safely  be  increased  to  include  most  of  the  cases  of  so-called 
tetanus,  meningitis,  debility,  etc.  Tetanus  is  prevalent  in  the  Philippine 
Islands  and  it  is  to  be  expected  in  a  certain  number  of  babies  because  of 
the  lack  of  care  in  treating  the  cord  at  birth,  but  in  six  patients  which 
one  of  us  was  able  to  see  during  life,  and  in  three  more  where  Musgrave 
made  post-mortem  studies,  the  spasms  were  of  other  etiology  and  tetanus 
was  not  present. 

Bickefcs  and  marasmus  are  not  mentioned  in  the  recorded  causes  of 
death,  but  both  diseases  are  present  among  foreign  and  native  children. 
We  are  convinced  after  a  careful  study  of  the  records,  the  conditions  and 
our  own  observations,  that  more  than  75  per  cent  of  the  deaths  of  babies 
in  Manila  are  primarily  due  to  dietetic  errors. 
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Major  E.  C.  OarttT,  formerly  Commissioner  of  Public  Hfaltli    make* 
tho  follow  mg  statement  in  lii«  annual  report  for  I'lOl 


This  e\CMSl\e  infant  niortalitv  is  one  fommon  to  nil  tropipB 
Manila  it  appears  chieflj  to  depend  upon  ignorance  with  respect  to  the  proper 
eare  and  feeding  of  ■\ouiie  children  and  the  difficulties  of  obtaining  suitable  food 
wliere  nursing  b\  the  mother  is  for  an\  reason  impracticable  or  the  supply  of 
breast  milk  11  ininificient  Fresh  inilk  is  aim  )st  impossible  to  obtain  and  when 
obtained  is  usually  of  poor  ^ualitv  and  contaminated  by  improper  handling  In 
the  absence  of  ice  its  preservation  is  practicully  an  imposibility  and  no  attempt  la 
m  ide  to  m  dify  its  constitution  so  as  to  conform  more  nearly  m  character  to 
human  breast  milk  The  destructiie  epidemics  of  rinderpest  have  also  largelj 
destroyed  the  few  milch  cattle  formerly  m  the  Islands  and  there  has  been  but 
little  resort  to  goats  as  a  source  of  milk  supply  The  so  called  Australian  milk 
IS  costly  its  use  is  not  general  and  it  is  not  well  borne  b>  many  The  employ 
menf  of  prepared  infant  foods  is  underst  od  by  but  tew  and  their  cost  places 
them  beyond  the  reach  of  the  poorer  classes  The  same  applies  to  the  use  of 
condensed  milk  which  is  at  present  the  most  available  source  of  suppU  of  food 
for  infants  When  used  it  is  frequently  improperly  diluted  or  contaminated  by  the 
use  of  water  from  an  impure  source  gmng  rise  to  intestinal  disorders  and  mal 
nutrition  which  are  rapidly  fatal 

Major  farter  in  hia  annual  report  for  1901  again  emphasized  tliL 
statement?  given  in  his  report  for  l')03  and  in  adflition  points  to  the 
mva&ion  of  the  I'dands  b\  the  germ  infected  nursing  bottle "  he  calls 
attention  to  the  use  of  the  milk  of  the  coconut  in  feeding,  and  he  started 
a  campaign  of  education  by  distributing  broadcast  a  bulletin  on  the  care 
of  children,  which  was  prepared  by  a  committee  of  native  physicians. 

Dr.  V.  G.  Heiser,  at  present  Director  of  the  Bureau  of  Health,  in  his 
annual  report  for  1906  states  that  as  a  result  of  this  bulletin  the  con- 
sumption of  milk  has  increased  by  probably  oOO  per  cent,  nearly  all  the 
output  being  used  ae  food  for  infants,  and  he  further  points  out  that 
notwithstanding  this  fact,  there  has  been  no  appreciable  decrease  in 
infant  mortality  and  he  considers  this  to  he  due  to  the  improper  care 
and  handling  of  both  the  milk  and  its  containers.  Dr.  Heiser  states 
that  probably  95  per  cent  of  the  milk  used  is  from  the  carabao. 

However,  even  the  large  infant  mortality,  disastrous  as  it  is,  does  not 
tell  ue  of  the  pernicious  influences  brought  about  by  the  conditions  which 
produce  this  mortality,  upon  those  who  escape  death  in  infancy,  A  large 
percentage  additional  to  the  71  per  cent  of  infants  who  die  before  the 
end  of  their  first  year,  is  to  be  credited  to  those  who  are  left  with  crip- 
pled constitutions  and  who  later  become  unnecessarily  susceptible  to  other 
diseases.  This  supplementary  mortality  must  be  charged  to  the  same 
lack  of  care  of  the  helpless  ones,  which  makes  the  loss  of  so  many  infajits 
possible. 

The  problem  of  infant  mortality  and  infant  feeding  is,  of  course,  a 
fundamental  one,  in  all  parts  of  the  world  and  it  is  particularly  so  in 
cities,  but  here  it  is  even  more  complex  than  it  is  in  other  places  because 
of  at  least  two  important  reasons — one,  the  almost  complete  absence  of 
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good,  frcsli  milk,  and  the  other,  the  lack  of  satisfactory  Utoratiire  hear- 
ing upon  the  subject.  So  far  as  we  are  aware,  there  is  not  a  book  or 
exhaustive  article  which  deals  with  the  problem  of  infant  feeding  in 
countries  where  a  supply  of  fresh  milk  is  lacking  and  where,  in  addition, 
the  ability  of  mothers  to  nurse  their  offspring  is  reilueed  to  a  jninimum 
for  reasons  which  we  will  discuss  below. 

II.    HABITS  AND  ri'STOMR  OF  THE  PEOPLE, 


The  habits  and  customs  of  the  people  deserve  a  passing  notice  if  we 
consider  that  the  feeding  of  the  child  begins  with  conception.  A  par- 
turient native  woman  is  generally  a  happy  one,  proud  of  her  condition, 
and  she  as  a  rule  continues  her  regular  habits  and  vocation  during  the 
period  of  her  gestation.  The  diet  during  this  time  is  of  the  usual 
variety,  which  contains  an  excess  of  carbohydrates. 

Confinement,  particularly  among  the  poorer  class  of  people,  is  of  a 
very  primitive  type.  In  Manila,  over  50  per  cent  of  the  children  are 
bom  without  medical  attendance,  usually  with  the  aid  of  a  midwife 
whose  presence  often  does  more  harm  than  good.  Mechanical  assistance 
is  afforded  to  the  mother  by  passing  a  rope  or  folded  sheet  around  the 
body  just  above  the  fundiis,  whereupon  one  or  more  friends  pull  upon 
the  ends.  The  bad  results  to  both  mother  and  child  following  this  and 
many  other  even  more  dangerous  procedures,  need  no  discussion  here. 

The  native  child  usually  has  the  best  attention  which  its  mother  can 
afford  and  which  she  knows  how  to  administer,  but  the  density  of  the 
ignorance  and  even  of  the  superstition  which  exists  among  the  une<hicated 
classes  is  remarkable,  and  in  addition,  generations  of  self-medication 
have  resulted  in  the  extensive  adoption  of  customs  which  are  of  the  most 
pernicious  type,  often  maintained  with  a  persistence  which  seems  culpable 
and  vicious  in  the  face  of  gratuitous  enlightenment. 

Breast  feeding  is  probably  attempted  in  almost  every  case,  but  the  per- 
centage of  exclusively  breast-fed  children  is  certainly  mucli  smaller  than  it 
is  in  many  other  countries.  This  is  due  to  several  causes  among  which  may 
be  mentioned  infections,  injuries  to  the  mother  at  childbirth  and,  most 
important  of  all,  the  lack  of  sufficient  and  proper  food  for  the  mother 
during  the  puerperum;  we  also  must  remember  that  the  hereditary  in- 
fluences of  generations  of  artificial  feeding  are  always  present  to  con- 
tend with.  The  average  Filipino  woman  is  poorly  developed,  and  even 
those  who  have  borne  several  children  usually  have  small  breasts,  so  that 
the  milk-giving  capacity  is  at  a  minimum.  The  conditions  which  have 
been  outlined  and  many  others,  bring  about  the  necessity  of  instituting 
artificial  food  for  breast  milk  in  infant  feeding  to  an  extent,  and  at  an 
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age  of  the  infant,  pniliably  not  surpassctl  if  it  is  equaled  in  any  other 
countr) 

Mixed  ftedmg  11  uiualh  the  first  departure  from  exi.!usive  breast 
feeding  it  IS  instituted  earlv  and  continued  aa  long  as  milk  may  be 
obtained  from  the  breast  or  until  long  after  the  child  should  be  weaned. 
Ihe  only  contraindication  tD  breast  feeding  among  the  poorer  classes  is 
the  la^k  of  milk  no  cau'^e  for  disuontmuation  being  found  in  tuber- 
culosis m  othei  infectious  diseases  or  in  pregnancy  The  accessory 
articles  of  diet  in  mixed  feeding  are  \erv  numeriub  and  the  methods  of 
ppLparation  and  administratis  primitne  but  as  the\  are  identical  with 
the  ones  administered  m  pure  artificial  feeding  their  consideration  will 
be  postponed  until  that  heading  is  reached 

AHtfinal  feeding  is  rarely  resorts!  to  entirely  so  long  as  the  breast 
milk  continues  but  m  most  of  the  inatanct-*  of  mixed  feeding  the  nourish- 
ment which  18  taken  is  mainly  from  artificial  sources  which  will  now  be 
discussed  in  detail 

Milk  IS  the  mo«t  important  of  the  articles  of  diet  That  of  cows, 
g>ati  \n'l  cirabaos  is  used  an  1  a  large  assortment  of  canned  and  condensed 
milks  is  also  employed.  Other  prepared  foods  of  foreign  manufacture 
are  given  to  a  limited  extend  in  addition  to  the  different  milks,  and 
homemade  preparations  in  large  variety  make  up  the  bulk  of  the  infant 
food  among  the  poor  people.  Most  of  the  latter  articles  are  mixtures 
of  starch  and  sugar,  prepared  without  proper  regard  to  cleanliness, 
and  among  these  may  be  mentioned  the  rice  sticks,  made  by  boiling 
rice  and  sugar  until  a  glue  is  formed,  which  can  be  molded  into  a 
stick  to  be  sucked  by  the  child.  Potatoes,  bananas  and  other  fruits  are 
given  at  a  very  early  age,  and  meat  feeding  is  very  frequently  instituted 
before  the  eruption  of  tlie  temporary  teeth.  It  is  not  an  infrequent 
occurrence  at  autopsies  to  find  pieces  of  undigested  meat  in  the  stomachs 
of  four  months'  old  children.  Not  only  does  the  quality  of  the  foods  and 
their  indiscriminate  use,  regardless  of  the  age  of  the  child,  bring 
disaster,  but  tlie  character  and  percentage  of  the  diluents  also  contribute 
very  much  to  the  bad  results.  Throughout  the  sad  story^ — -and  this  is 
the  pity  of  it — nothing  but  the  ignorance  of  the  people  is  to  blame  for 
the  results. 

In  Manila  the  social  customs  are  such  that  in  general  the  foreign 
woman  neither  cares  so  well  for  herself  nor  does  she  make  as  good  a 
mother  as  she  would  in  her  home  country.  Nevertheless,  the  children  of 
foreigners  and  of  the  educated  class  of  Filipinos  thrive,  although  sur- 
rounded by  the  same  climatic  and  other  unavoidable  evils  which  encom- 
pass those  of  the  ignorant  classes.  The  infant  mortality  among  foreign- 
ers and  wealthy  natives  compares  favorably  with  that  in  other  lands ;  the 
children  are  fairly  strong  and  not  overburdened  with  the  diseases  of 
malnutrition  so  common  in  all  countries. 
57712. — 3 
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UI.   A  STUDY  OF  THE  CONDITIONS. 


A  very  {;omplex  condition  appears  before  us  for  !^tii(l,v,  to  judge  from 
the  preceding  brief  and  incomplete  resum^  of  facts.  However,  the  limits 
of  this  paper  will  allow  of  the  consideration  of  but  one  of  the  problems, 
namely,  that  of  infant  feeding,  and  in  discussing  this  topic  we  will  first 
take  up  a  consideration  of  the  available  materials. 


Millc  is  the  iirst  of  the  articles  to  be  considered  and  it  may  be  clas- 
sified as  either  fresh  or  preserved.  Among  the  fresh  milks  we  will  con- 
eider  human,  cows',  carabaos'  and  goats'  milk  and  among  tlie  preserved 
varieties  we  have  many  brands  of  the  sterilized,  coudenscf]  and  malted 
type. 

The  percentage  of  American  mothers  who  are  abb  to  nurse  their 
children  in  Manila  is  higher  than  it  is  in  general  in  American  cities. 
The  quality  of  the  milk  is  of  a  very  good  average,  perhaps  with  a  ten- 
dency to  a  high  sugar  index,  with  a  correspondingly  lowered  proteid  and 
■  fat  content,  as  is  shown  in  the  following  table : 


— Analysejt  afle. 
mfam 


No. 

Spetiflc 
gravity. 

wa... 

1       1 

Ash,       Fat.      Sugar. 

P„„„. 

ft              

1  030 

loss 

1032 

es80 

84  47 
M44 

89  41 

15.  S3 
11.78 

0 

20 
H 

27 

3.18 

1.90 
1.92 

11 
7,16 

2.  SO 
.99 

Average 

10299 

S    48  [    12.48 

22 

4,24 

•■" 

1,45 

Ihe  anah-ies  of  breast  milk  among  the  better  class  of  Filipino  women 
who  can  and  do  partake  of  a  libtral  diet  and  who  otherwise  obey  the 
mandatfa  of  hygiene  also  gnes  a  good  average,  as  shown  in  Table  jS"o.  3, 
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— /iJui'yws  0/  brfrut  milk  token  from  Hit  ivmOiiier  dnm  t/  Filipino 


No. 

SpeciflK 
gravity. 

W... 

Solids. 

Ash. 

Fat. 

aug«. 

Prot«ld. 

J 

1.031 
1,030 

§e.78 

15.57 
11.1s 

097 

5.7s 
».»5 

7.7a 

12 

1 

w  i 

3 

"■-'■- 

i.m 

86.88 

l».ll 

22 

5.»8        fi.«3  1       1 

4i 

However,  a  study  of  the  breast  milk  among  the  poor  people  gives  some 
interesting  figures.  In  the  first  place,  the  quantity  is  small  and  the 
period  of  active  lactation  short.  Analyses  of  ten  samples  of  milk  show 
a  persistent  high  specific  gravity,  high  sugar  index,  with  low  proteid  and 
fat.     This  is  apparent  from  the  following  table : 


Table  No   3  —  im/yses  of  ten  gpedmeru  of  breoM  milk  from  nativn  w 
poorei  i-loisei  with  infanta  from  10  Aays  to  1  monib.  old. 


lofihe 


N< 

Specfflc 
Bravlly 

Water. 

Solids.!    Ash. 

Fat, 

.... 

P.... 

1  0».'> 

M.(« 

13.17        0 

„ 

2.M 

8.70 

1.52 

1  m« 

12.71 

M 

8.M 

1.68 

fd 

91 

18.09 

15 

1  oae 

8; 

43 

12.67 

13 

2.98 

8,08 

1.8S 

I.W 

Nn 

M 

4.60 

1030 

71 

1S,2» 

15 

1  030 

s> 

04 

11, 9« 

09 

2.67 

8.14 

1.02 

96 

7.8S 

1.08 

A..^ 

1031 

S7 

97 

12,01 

15 

1.31 

6.87 

1.31 

10«|    S7 

19 

1J.S. 

15 

3.07 

-.98 

1.29 

A  study  of  these  analyses  shows  that  even  in  breast  feeding  in  Manila 
there  are  unusual  problems  to  be  met.  In  order  fully  to  appreciate  this 
fact  we  have  taken  the  averages  from  the  preceding  tables  and  placed 
them  in  the  following  one,  which,  aiso  gives  average  human  milk  analyses 
from  two  representative  sources,  for  comparative  purposes. 
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E  No.  4.  — SkoiiAng  comparison  between  human  mUk  anatyeed  Sj^  neveral  aathon 
and  theftnding»  in  Manila. 


s™.. 

Fftl. 

Sugar. 

Total 
proleid. 

Casein. 

proleid. 

1-21 

6.«S 
6.83 

1.00-2.09 
2.80 

1,16 
1.29 

1.25 
1.80 

Average    Irom    FUlpino    women     in 
Mantis  o(- 

Pwr  clam _ 

Some  of  tlio  discrepancies  between  the  analyses  of  human  milks  from 
women  of  the  Tropics  and  of  those  given  for  other  countries  are  usually 
explained  by  the  difference  in  diet,  and  this  also  partially  makes  clear 
the  variations  due  to  the  racial  differences  in  women  living  in  the  Phil- 
ippine Islands.  However,  there  are  other  influences  such  as  heredity, 
nervous  temperament,  climate,  etc.,  which  here  play  an  active  part  and 
which  must  not  only  be  reckoned  with  in  determining  what  is  abnormal 
in  the  mother's  milk,  but  also  in  fixing  standards  of  normality  for  the 
infant's  requirements  with  reference  to  nutrition.  For  example,  accord- 
ing to  our  standards  the  high  sugar  index  and  the  low  fat  content  found 
in  the  breast  milk  of  the  native  women  of  the  lower  classes  are  too  far 
from  the  normal  to  accord  with  our  present  conception  of  the  physiology 
of  nutrition  of  the  infant  and,  according  to  the  same  standards,  they 
are  partly  responsible  for  the  gastro-intestinal  disturbances  and  for  some 
of  the  malnutrition  and  lack  of  development  of  the  children  of  these 
classes. 

However,  it  is  not  at  all  certain  but  that  our  standards  of  averages  may 
need  some  adjustment  in  this  respect,  and  it  may  be  true  that  the  child 
of  parentage  which  for  generation*  has  lived  in  the  Tropics  may  demand 
more  sugar  and  less  fat  than  we  have  been  accustomed  to  recognize  as 
normal. 

1.  Fresh  corns'  milk,  because  of  the  dearth  of  horned  animals,  due  to 
rinderpest  i"  \er>  difficult  to  obtain  in  any  lon^iderable  quantity  and  its 
pnee  is  and  for  some  years  it  must  remain  prohibitive  for  most  of  the 
people  \dulteration  of  tie  aviilable  cows  milk  is  exceedingly  common 
and  flagrant  the  adulterants  con'ii'it  of  carabaoa  or  goats .  milk,  canned 
milks  and  often  of  chalk  hmewater  and  other  luhstances,  Bacterio- 
Ic^cal  e\aminatmn&  ihow  thih  milk  to  be  unfit  for  use  After  repeated 
efforts  we  were  unabk  to  obta  n  ten  samples  frcm  the  market  in  order 
to  submit  a  table  of  comparative  result 
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Examinations  of  ten  samples  of  fresh  cows'  milk  from  the  Bureau  of 
Agriculture  in  Manila  are  given  below.  These  animals  are  well  selected 
and  are  specially  cared  for  by  Government  officials. 

Table  No.  6. — Analyse  of  Un  eamplei  of  eoim'  milk  from  ttatt-ffd  animah,  the  property 
of  the  Bureau  of  AgricaJhtre  in  Manila. 


Ho. 

SK 

w... 

aoiMB. 

... 

FM. 

SugBT. 

Protdd. 

1.0M 
1.1B2 
1.035 

i.oax 

1.031 
1.032 
LOSS 

l.OM 

89,78 
SB,  SO 

W.60 
89.  &5 
89.  M 
99.59 

S6,38 

10.22 
10.10 

10.78 

10.20 

072 

z.n 

288 

838 

63 
«0 
71 

40 
00 

12 
12 

«e 

Average--- 

1,032 

89.09 

10,91 

« 

^ 

82 

21 

1,^ 

In  the  following  table  the  averages  from  the  preceding  ones  are  com- 
pared with  those  given  for  fresh  cowb'  milk  by  two  distinguished  authors; 

Table  No.  &.—Sboidng  compari«(m  between  the  remdtn  of  examinalixmf  of  cows'  milk 
an  given  by  other  authors  and  n«  detfnimtfd  in  Manila. 


p... 

„„.. 

TOWl 
proteid. 

Caeetn. 

albumin. 

Average  fresh  oo« 
Average  (reah  com 

B' milk  (Konlg) 

4.00 
2.82 

4,75 
4.21 

3,6» 

2.88 

.84 

The  contents  of  fresh  cows'  milk  varies  between  very  wide  limits  in  all 
parts  of  the  world,  but  in  Manila  this  variation  is  excessive  and  is  in  part 
due  to  the  alteration  in  the  kind  of  'food  to  which  the  cows  have  been 
accustomed,  to  the  difference  in  the  care  of  the  animals  and  to  difficulty 
of  securing  average  milks  because  of  the  lack  of  large  herds  of  cattle.  As 
it  is  impossible  to  obtain  an  average,  it  is  necessary  to  examine  the  milk 
from  each  animal  or  herd  before  it  can  intelligently  be  modified  for 
infante'  use,  and  even  after  these  precautions  have  been  taken  many  of 
these  milks  are  of  a  composition  which  renders  proper  modification  very 
difficult.  The  worst  cases  of  rickets  to  be  seen  in  the  Philippine  Islands 
are  often  observed  among  children  who  are  fed  upon  so-called  fresh,  cows' 
milk.  The  average  bacterial  count  in  five  samples  of  milk  bought  in 
the  market  was  2,160,000  and  the  average  from  five  samples  from  cows 
from  private  families  gave  766,000.  As  a  result  of  personal  observation 
regarding  the  care  given  to  milk,  animals,  vessels  and  the  surroundings 
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of  ihe  stables  in  general,  we  can  not  recommend  the  use  of  unboiled, 
fresh  milk  in  Manila  obtainable  in  the  open  market  for  human  food, 
and  until  conditions  are  much  improvetl,  its  use  as  food  for  infants  seems 
almost  criminal. 

S.  Goats'  milk  is  to  some  extent  employed  In  Manila  as  an  infant  food, 
but  the  supply  has  been  limited,  a.n<l  it  is  very  dirty  and  of  poor  quality 
as  it  is  put  on  the  market.     The  quality  is  shown  by  the  following  table : 


g  th(  remits  of  Ihe 
goaU'  milki 


of  eight  s/imples  of  ordinary 


».. 

SpeciHc 
gravity. 

w.„. 

... 

rat. 

Sugar. 

Proleid. 

J 

1.030 
1.085 
1,036 

85  (W 

15.  M 

197 

6.56 

:;: 

8.95 

8.66 

3.50 
8.88 

5.W 
3.70 

2 

M 

7« 

48 
20 

1 
2 

S2 
07 
07 

75 

5 

39 
81 

lobs'  so 

1.030  1    Kfl 

Average  ___ 

■■"1" 

66 

i.s.saj    2 

02 

,5.78  j      3 

^ 

4.01 

The  Government  has  recently  imported  some  milch  goats  from  Malta 
and  if  suitable  food  is  available  and  conditions  are  otherwise  found  to 
be  satisfactory  for  the  propagation  of  these  animals,  this  importation  will 
result  in  doing  much  good.  The  reaction  of  the  changed  environment 
upon  these  animals  is  still  problematical  and  a  study  of  the  milk  to  ho 
obtained  from  them  after  acclimatization  remains  to  be  m.nde.  Analyses 
of  seven  samples  of  milk  from  this  herd  after  the  animals  had  been  two 
months  in  Manila  are  given  in  the  following  table : 

Table  No.  8. — Shomng  the  reaidt  of  Ike  examination  of  sevai  samples  of  goals'  mill: 
from  a  herd  of  Maltese  goat»  imported  by  the  Qovemmenl. 


... 

Iss;. 

w. 

u... 

sonas 

^ 

ll. 

4.78 

8.24 
6.86 

Sugar. 

3 

1  029 
1031 
lOSO 
1  032 

86 

96 
57 

90 

12  61 

12.08 
12.08 

0 

67 

83 
60 

34 
45 

31 

8.88 
3.25 

ATerage 

1029|    87 

10 

12.90 

64 

4.73  j      4 

27 

8.23 

Averages  from  thL  t«o  preceding  tables,  compared  with  those  of  goats' 
milk  given  bv  one  American  and  one  European  author,  arc  placed  in  the 
following  table: 
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Kind  01  anlmaJ. 

... 

Sugar. 

Total 
proteids. 

Casein. 

Lact- 
albnmln. 

Mil 
Nftt 

ricangoaUiRotch) 
Dpean  guala  (K  niei 

ve  goals  in  Manilft 

430 
5  78 

i.W 
S.M 

4.  SO 

».» 
4.  OS 

i.W 

1.10 

The  same  objeLtions  as  those  alreadv  mentioned  for  cows'  milk  must 
obtain  until  the  general  conditions  for  securing  and  caring  for  this  milk 
have  been  much  improved  All  of  these  milks  as  they  appear  on  the  open 
market  are  exceedingly  dangerous  baeteriolt^eally,  and  the  lack  of-laige 
herds  makes  it  impossible  to  obtain  any  quantity  of  average,  mixed  milk. 

3.  Carabaos'  mtHe  is  extensively  used  as  an  infant  food  among  the 
poorer  people  and  it  is  the  least  adapted  to  this  purpose  of  any  which 
we  have  as  yet  studied.  The  results  of  analyses  of  G  samples  of  cara- 
l)aos'  milk  made  by  Charles  L.  Bliss,  formerly  of  the  Chemical  Laboratory, 
Bureau  of  Science,  are  given  in  the  following  table : 

Table  No.  10. — Shomng  remits  of  <mali/im  of  carabao  milh. 


1. 

3. 

^■ 

5. 

0. 

Average.. 

Age  of  an 

J 

I.OIO 

.99 
74.72 

1.037 

S.75 
.09 

79,17 

Ill 

?.": 

1,038 

5.54 

.86 

19.23 

80.08 

Specific  g 

I  milk  - - 

1.032 

S.78 
.90 

75.78 
11.02 

1.032 

8.M 

.92 

21.  S2 

77.48 

.86 
80.21 

6.31 
77.90 

a 

^™ 

SaUde  by 

evaporeUon  - 

fiollrtflnottat.___ 

T«n  sampler  3  and  4  Hire  treated  with  dilute  hydrochloric  acid  The 
coagiilum  found  was  compared  ulth  that  produced  in  fresh  cows  milk  similarly 
treated  To  10  mbic  centimpter*!  of  each  of  these  milks  5  drops  of  hydrochloric 
acid  of  1  12  specific  gra\itj  were  added  and  the  whole  heat«J  to  ?T-38°  C  Both 
carabao  milks  became  lolid  immediatelv  The  coagulum  very  closely  resembled 
that  produced  bj  rennet  in  cows  milk  The  result  with  the  cows  milk  was  neg 
ative  This  would  indicate  that  carabao  milk  nould  need  to  be  diluted  ton 
siderabh  for  infants   feeding  as  it  would  coagulate 

Carabaoa'  milk  aa  it  is  obtained  and  marketed  m  Manila,  is  about  as 
dangerous  and  dirty  a  mixture  as  it  is  possible  to  have.  Bacterioiogically, 
it  is  excessively  contaminated  and  chcmieaily  it  is  not  easy  properly  to 
modify  for  the  use  of  infants. 
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A  great  variety  of  these  are  imported  into  Manila,  and  in  enormous 
quantities.  The  records  of  the  Bureau  of  Customs  show  that  4,041,703 
pounds  of  condensed  milk,  with  an  approximate  value  of  ?800,000  and 
59,809  gallons  of  fresh  milk,  with  an  approximate  value  of  ?147,000 
were  imported  into  Manila  during  the  year  1906. 

The  following  Table  No.  11  shows  the  principal  brands  on  the  market, 
with  the  results  of  the  analyses  of  samples,  each  obtained  in  the  open 
market : 


Table  No.  U.— Showing  results  of  analyse)  of  samples  obtained  in  the  open  mwkH 
of  some  of  the  moid  generally  uned  preserved  milts  in  Manila.' 


Il.me. 

m 

Water- 

Sollda- 

ABh. 

Fat. 

Sugar, 

UM. 

■„.„. 

Bear  milk 

Draeoti  mtik  ___. 
Weribeat  mi  Ik- 
Highland  tvBpo- 
Tsted  oreftm. 

Bear  cream' 

Auetrallftn  _ 

Tiillp  evapo- 
ralfiil  oreflm. 

St  Charlea  evap- 
o™i*d  cream. 

Pfl    evaporated 

Cowe'  head  evap- 
orated eream. 
Weal         evapo- 

1.032 
•l.WO 

1.07fl 
•1,034 

70.81 
70.95 

73,  M 
70.58 
67.58 

M.38 
29.05 

39.15 

29. « 
82.42 

1.90 

2.32 
1.45 

4.27 
4.12 
7.8« 

14.00 
ICOfi 

7.W 

10. 9» 

11,13 
9  79 

13.52 
8.2» 

11.34 
11.03 

2.29 
9.81 

fi.a5 

Average    Irom    3    samples. 
Slerile,      No     coneentra- 

Sterile;   altghlh    concen 

Contained    a    compound 
o(  boron.    3  samples 

Iio. 

No  preservaUves.    Conoen- 
Slerlle;    concentrated;     no 

•  Since  this  table  was  prepared  a 
be  lound  in  Table  No.  14, 
'•Diluted  one-half. 
'One  sample  of  this  cream  contai 
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Tahls  No.   12.— Showing  res'dt  of  examination  of  samples  obtainedin  the  open  Tnarket 
of  tome  vf  Oif  mmt  generally  u^ed  tweeUned,  eondented  mUts. 


™.o,.»«,« 

Total 

Water 

„, 

,.. 

augar 

leld. 

sugar. 

Remuks. 

NesUes 

1.84 

10.  M 
8.14 

8.16 

n,5» 

11.69 
11.00 
12.  €6 

9.75 

8.64 

8.70 
7.M 

45.88 
60.10 

48.82 

Aaalyied  by  Chapin,* 

Milk    eolids,    28.69. 
Milk  Bolida,  23-04.    Acon- 

Bkttamed  milk. 
Milk    BOllda,    2«.as. 
Milk  solids,  27,21. 

MIUtrnftM" 

Perfection 

Gold  seel 

M.86 

33.  «a 

15.23 

72.61 
7S.U 

Tlie  milks  which  have  been  tabulated  above  fall  into  three  principal 
classes ;  one  of  partially  concentrated  milks,  sterilized,  bottled,  shipped  and 
kept  in  cold  storage,  another  of  pure  cows'  milk  canned  without  any  other 
alteration  than  simple  sterOization  by  heat,  and  the  last,  of  the  various 
types  of  condensed  milks,  including  the  so-cailed  evaporated  creams. 

1.  Cold  storage  milk. — The  only  brand  of  this  milk  on  the  market  is 
the  "Australian"  which,  as  the  name  implies,  is  brought  from  Australia 
and  the  analyses  of  samples  are  given  in  Table  No.  11.  It  is  a  con- 
centrated milk  and  the  three  samples  analyzed  contained  a  compound  of 
boron. 

S.  Sterilized,  uncondensed  milks  are  sold  in  Manila  in  five  brands,  and 
analyses  of  samples  of  all  are  given  in  Tables  Nos.  11  and  15  and  the  ac- 
companying footnote.'  These  are  all  free  from  adulterants  and  pre- 
servatives and,  as  may  be  noted  from  the  table,  they  are  without  exception 
excellent,  mixed  milks.  To  judge  from  the  homogeneous  distribution 
of  Uie  fat  and  from  other  considerations  it  is  probable  that  at  least  a 
portion  of  each  of  them  consists  of  goat's  milk.  The  proteid  constituents 
of  this  type  have  not  as  yet  been  carefully  examined,  but  preliminary 
experiments  make  it  appear  probable  that  the  casei'nogen  radical  is  con- 
siderably in  excess  of  the  normal  amount  in  human  milks,  as  is  true  in 
all  other  milks  from  the  lower  animals.  However  this  may  be,  they  are, 
when  properly  modified  upon  a  percentage  basis,  very  satisfactory  as  ' ' 
infant  foods,  giving  as  good  results  as  may  be  obtained  *ith  any  sterilized 
food.     If  one  of  the  three  brands  of  pure  canned  cream  on  the  market 

'  Since  this  article  was  finished  two  new  milk  products  have  appeared  upon  the 
Manila  market,  namely,  "Natuia"  and  "Butterfly"  brands.  AnalyBcs  of  samples 
of  these  two  brands  are  as  follows: 


Name 

Spwiflc 

Vlaler 

8«a.. 

i». 

,.., 

Sugar. 

Proteid, 

Naluramtlk 
Nfttnra  eream     _ 

1030 

is 

86  08 

o.m 

.73 

3.22 
27.13 

6.22 

6.W< 
4.00 

2.42 
2,16 

Butteray  civsm 
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is  used  with  tliem,  any  reasonable  percentage  formula  may  be  obtained, 
as  will  be  shown  in  chapi^r  four,  and  by  the  use  of  such  combinations 
many  small  patients  in  Manila  who  are  difficult  to  feed  may  be  materially 
benefited, 

S.  Condensed  whole  milk. — There  is  a  considerable  variety  of  this  class 
of  preserved  milks  on  the  market  (see  Tables  Nos.  11  and  15) ;  many 
are  good  and  some  are  made  from  a  poor  quality  of  milk,  and  in  a  few 
instances  substances  have  been  added  which  may  be  deleterious  to  the 
health  of  the  consumer.  These  brands  are  very  extensively  advertised 
and  used  throwghout  the  Orient  for  cooking  and  other  household  purposes 
and  as  a  food  for  infants.  They  may  be  so  modified  for  the  latter  purpose 
by  the  percentage  method  as  to.  make  very  good  substitutes  for  fresh  milk, 
hut  when  the^  are  simplj  dihited  w^en  to  fourteen  times  with  water  a 
procedure  often  recommended  and  \erv  gemrally  practiced  here,  thej 
are  much  too  low  in  fat  for  the  proper  nounahment  of  the  infant '' 

4  Oondensid  milk  siieeUned  or  othettvfe  morft^^tf  — Analvw  some 
of  which  are  quoted  and  others  made  in  this  laboratorv  of  samples  of  tlie 
principal  brands  of  this  clais  on  the  Manila  market  are  gnen  m  Tables 
Nos  12  and  1^  Many  are  honest  products  and  when  thev  are  diluted 
and  modified  on  a  [leroentage  bails  tlie\  ma^  be  used  m  the  absence  of 
more  sitisfattor^  fooil  IJiese  milks  all  contain  large  percentages  ol 
cane  sugar  and  from  sone  of  them  a  portion  of  the  natural  cream  has 
been  remond  betore  the  process  of  condensation  was  begun 

5  Mailed  mxlk'- — There  are  two  nineties  on  the  m'lrket  and  copies  of 
analyses  of  samples  of  both  arc  given  in  Table  No  13  These  foods  arc 
extensively  employed  in  the  Philippine  Iilands  and  with  proper  modi 
fitations  they  can  be  altered  so  as  to  be  used  as  infant  foods  m  many 
instances  The  greatest  ibjection  to  them  lies  m  the  large  amount  of 
insoluble  carbohydrates  which  they  contain 

6  Cream  — There  \re  three  brands  of  cream  sterilized  in  tins  on  the 
market  and  anahsea  of  samples  are  given  in  Table  No  1^  Tnd  footnote 
page  373  They  are  most  useful  articles  m  preparing  percentage  foods 
from  preserved  milks  because  of  the  high  fat  percentage  (iG+  to  ^8+ 
per  tent)  and  the  low  proteid  content  m  two  of  them 

'Many  of  the  so  called  brands  of  evaporated  creams  are  mereh  iinsBPetPncd 
condensed  milks  having  something  of  the  consistencj  and  appearance  but  not 
the  taste  or  phjsical  characteristics  of  cream  It  is  asserted  by  some  that  eon 
centration  to  giie  a  sufticient  amount  of  fat  narrants  the  term  cream  as  distinct 
from  milk  ind  that  it  ie«llj  makes  the  product  cream  and  not  condensed  milk 
but  cream  does  not  contain  abnormal  amounts  of  casein  lactose  and  mineral 
matters  for  it  is  nothing  more  or  less  than  milk  containing  an  excess  of  butter 
fat  The  evaporated  creams  contain  as  manj  times  the  normal  percentages  of 
all  the  eonstjtuents  of  milk  aa  there  are  volumes  of  milk  condensed  It  is  true 
that  in  each  lase  a  statement  appeals  on  the  label  that  the  ereain  is  in 
Unsiieetened  condensed  milk  but  this  infoimation  is  fp^nerallj  ^nen  in  such  n 
uav  as  not  to  attract  attention 
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We  have  homemade  and  imported  varieties  and  dilnents  of  this  cIosb. 

1.  The  homemade  foods  of  the  Philippine  Islands  are  considerable  in 
number;  for  the  greater  part  they  consist  of  starch  and  sugar  inixturos. 
Some  of  these,  which  are  more  or  less  peculiar  to  the  country,  iiiay  be 
mentioned.  The  rice  stick  which  was  referred  to  above,  if  it  were  care- 
fully made  and  not  fed  to  children  too  early  in  life  would  compare  favor- 
ably in  value  with  some  of  the  other  starch  and  sugar  preparations  which 
sell  for  high  prices. 

Coconut  milk  is  used  in  the  Philippines  to  a  limited  extent  as  a  food 
for  infants.  Xo  literature  on  the  subject  is  to  he  found  here,  but  the 
habit  of  using  it  is  certainly  peculiar  to  people  of  the  Tropics.  The  com- 
position of  this  substance  varies  much  with  the  age  of  the  coconut  from 
which  it  comes.  Walker  *  notes  some  of  its  peculiarities  and  gives  a 
few  analyses,  which  however  were  not  made  with  a  view  of  determining 
its  nutritional  value  as  an  infant  foot!.  This  question  should  be  carefully 
investigated,  for  coconuts  are  everywhere  present  in  the  Philippine 
Islands  and  it  is  very  probable  that  a  valuable  enzjmic  diluent  or  even 
food  may  be  found  in  them.  The  country  contains  many  fruits  which 
should  contain  substances  much  needed  in  those  food  mixtures  which  are 
sterilized,  and  which  therefore  are  free  from  enzymes. 

2.  Imported  foods  other  than  milk  are  not  as  yet  used  to  the  same 
extent  as  they  are  in  many  other  countries,  but  there  are  several  varieties 
on  the  market,  some  of  these  are  good  in  the  sense  that  they  arc  honestly 
made.  Analyses  not  made  in  this  Laboratory  of  a  few  which  are  used 
in  greatest  quantity  in  Manila  will  be  found  in  the  following  table : 

Table  No.  Vi.— Showing  analyaes  of  iin'ported  foo(),t  other  than  milh. 


-—       Name. 

Analisl. 

Moist- 

Fat. 

Pioleiae, 

Solnble 
drat«aT 

Insoluble 
carbohy. 
draws. 

Ash, 

Allcnburj'a  lood  No.  2 

Horlfoks  miUteiJ  milk _ 

Chapln... 

ao — 

2.55 

5.69 
6.M 

9.41 

2,18 
.72 

fl.TO 
9.20 
14.00 

10.10 
16.60 

a.m 

66.85 
72.10 

82.06 
88.21 

a.  75 
S,S7 
3,  SO 

.63 

.-» 

do 

87.46 
89.21 

HeHlth  FcxKl  Companies  bar- 
ley. 
Robinson's  patent  barley 

. do 

. — do  — 

Holt 

... 

'7'Ws  Journal    (lOOfi)    1,  !)S. 
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S.  Diluents  are  most  important  aids  in  infant  feeding  and  they  deserve 
especial  notice  here,  because  of  the  necessity  for  care  as  to  the  quality 
of  water  and  of  the  other  substances  used.  The  following  Table  No.  14 
gives  the  contents  of  a  few  of  the  principal  diluents  used  in  preparing 
foods  for  infants. 

Tabi.b  No.  14. — Giving  analyges  ofaffie  dUuerdsfor  baby  food  {taken  from  Rolch). 


-ubetance. 

Preparation. 

ids. 

... 

Fat. 

^l?rS' 

Case- 

Lfbt 

gar. 

1 

Do 

Do 

cows  n  Ilk 

2  oz.  cnoVea  i  hour,  fin- 
lahed  pnyluet  1,000  cc. 

shed  product  1  000  CO. 

2  oz   cooked  i  hoar  fln 
iBlertpmdu  1 1000  CO 

3  oz   cooked  1  hour  fin 
Ishedpr  1     tlOOOot 

S.K 

0.03 
OS 

0.08 

. 

2BS 

000 

100 

The  contents  of  the=(e  d  luenti  is  not  g^ntrilh  considered  in  percentage 
feeding  but  m  feeding  infants  m  the  Troj  ics  where  the  percentages  are 
not  IS  accurate  as  the>  are  at  home  it  appears  moie  adv  sable  to  include 
the  tontents  of  such  substances  as  barley  water  when  making  the  calcula 
tions  for  ptrcentages 

Coconut  water  is  a  diluent  has  already  briefly  been  noticed  and  it 
would  seem  advii^able  to  stud^  this  lubstance  as  well  as  some  others  of 
local  u*^  to  abcertain  their  ^alue  and  action  upon  the  digestne  tract  of 
children 

There  is  now  a  voluminous  liteiature  on  the  emplovment  ot  i  solu 
tion  of  sodium  citrate  as  a  n  odifier  of  the  curd  m  cjtts  milk  used  for 
infant  feeding  an  I  its  great  value  m  this  respect  has  been  amply  demon 
strated  It  11  not  generall>  employed  m  the  Phihppines  and  wc  would 
urge  physicians  to  look  more  carefullj  mti  its  merits  I  irnewater  while 
an  excellent  modifier  of  the  tows  milk  curd  in  tertain  cases  is  too 
extensively  given  and  is  often  employed  in  too  great  a  concentration. 


Pacts  are  expressed  conservatively  in  stating  that  for  the  last  four 
years  an  average  of  3,500  children  under  1  year  of  age  have  died  annually 
in  the  city  of  Manila  for  want  of  sufficient  or  proper  food. 
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The  eluddatioii  of  the  technical  problems  in  this  i-onnection  is  for 
luoiiiborB  of  the  medieal  and  chemical  professions.  A  study  of  the  avail- 
able supply  of  infant  food  in  Manila  is  necessary  and  in  the  preceding 
pages  an  effort  in  this  direction  has  been  made,  but  the  weapons  provided 
by  this  discussion  are  to  be  used  by  all  the  people.  A  successful  adminis- 
tration looking  to  the  improvement  of  conditions  can  only  be  furnishoil 
by  extensive  organization  and  education.  Members  of  our  profession  in 
Manila  are  often  indifferent  in  questions  of  infant  feeding.  This  is 
shown  by  the  fact  that  there  are  but  very  few  records  of  examinations  of 
niiiks,  either  human  or  animal,  to  determine  their  nourishing  properties, 
to  be  found  in  the  laboratories  of  the  city. 

There  is,  therefore,  entirely  too  much  left  to  chance  in  the  composition 
of  the  foods  recommended  and  not  enough  adjustment  of  food  values  to 
special  conditions  as  they  are  represented  by  individual  patients.  Di- 
rections should  be  very  specific  and  given  in  writing.  It  is  not  enough 
to  order  a  mixture  of  condensed  milk  and  limewater  to  he  given  from  a 
boiled  bottle.  The  average,  or  even  the  most  ignorafit,  mother  knows 
how  to  prepare  such  mixtures  herself,  as  she  can  read  the  directions  on 
the  label  of  the  can  of  milk.  We  must  far  more  closely  study  each 
infant  and  order  a  food  which  will  properly  nourish  the  child  or  remove 
the  abnormal  condition. 

The  service  of  one  of  us  at  St.  Paul's  Hospital  has  shown  some  of  the 
most  serious  of  errors  in  very  general  use,  one  which  we  wish  especially 
to  call  attention  to,  namdv  the  use  of  excessive  quantities  of  limewater 
as  a  diluent.  This  is  a  very  common  practice,  and  many  of  the  patients 
suffering  from  proteid  starvation  and  chronic  diarrhea,  marasmus, 
gastric  atony,  etc.,  are  more  apt  to  have  the  trouble  caused  by  an  exces 
of  lime  than  by  any  inherent  difficulties  in  the  milk  administered. 

The  preparation  of  infant  foods  for  all  kinds  of  the  many  conditions 
encountered  is  a  difficult  task,  which  can  best  he  undertaken  by  milk 
laboratories  similar  to  those  now  in  use  in  many  American  and  European 
cities.  This  procedure  would  cost  a  considerable  amount  of  money,  but 
with  organization  and  education,  funds  might  become  available  either 
through  the  Government  or  by  gifts  from  philanthropic  sources. 

A  discussion  of  the  conditions  confronting  us  in  Manila  together  with 
analyses  of  food  stuffs  has  been  given  in  chapter  three,  and  in  order  to 
give  a  more  clear  understanding,  the  following  Table  No.  15,  representing 
a  majority  of  ttie  varieties  of  food  supply  obtainable  in  Manila,  is 
inserted. 
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Table  No.  l6.—iilioinitg  llie  eetadial  facts  taken  from  anulysm  iif  mmplei  ojl  milkn  and 
other  inmt  generaUg  vied  infant  foods  amilabk  in  Manila  together  initk  smne  normal 
working  glandaritt. 


....... 

sugar. 

Total 

proteid. 

Case- 

Lect 
albu- 
min. 

drates. 

"bS^-'' 

Averai;e  hitniHn  milk  (Kiinig)  >... 
Average  milk,  CauMSlan  woman, 

Manila. 
Avemee  milk,  Filipino  womRn— 

or  better  class,  Manila 

01  lower  elaaa,  Manila 

Average  oow«'  milk  (Roteh)- 

Average  cows'  milk  (Kcinig)- 

Average  goats' milk  IRolch)* 

Average  goals'  milk  (Kitnlg)  ■ 

Avi'rage  goals'  milk: 

R.80 
5.8S 

5.7S 

7,96 
9.67 

9.68 
.50 

J2.30 

.SO 
2.18 
.72 

.02 
.05 

5.00-7.00 
6.20 

6.83 
4.90 

4.06 

IJ.M 

9,20 
9.79 

12,19 
11.55 

1.00-2.00 
2.80 

I.4.S 

*15 

3.07 
8,21 

7,14 
8.10 

IZ 

8.W 
8.70 

10.72 

13.83 
6.98 

3,65 

0.69 
1.00 

1.23 
1.30 

2.66 
3.00 

.50 

3.20 

1.10 

"Highland  evaporaled  cream" 

"Tnllp  evaporaled  cream" 





Nestles  tondensed  milk" 

Eagle  condenaed  milk" 

MO.  66 
Ml.  52 

"60.10 
'48,32 

'■TJ.IO 
"5.02 

...... 

.3.,.  34 

Mellinsfood    • 

-69.24 

Ridge  stood    ■                   „    .... 
H(«ltb  Food  lompanicsbarle.V- 
Kobmson  a  patent  larley"  ' 

"16.68 



03.87 

Horliek  a  mailed  milk  ■  -_ 

Oat  meal  wattr  |  RotcS  |  > 

•2.9B 
•2,88 

Barley  meal  water  (Rotch)  ■ 

Fat  Iree  cowe'  milk  (Rotch)'. 

Whey  fiomcowB' milk  lRot«h]*__ 

5.10 

.go 
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It  has  bcm  shown  that  fresh  milk  i*  praeticalh  at  prtsiiit  ehiiiinated 
fron  our  armamentarium  and  with  this  fact  befon  ue  text  books  on 
infant  feeding  becomt  almost  valuele'is  just  at  the  point  where  our 
problem  begins  This  condition  le  of  course  largely  responsible  for  thi 
confusion  each  man  being  to  a  great  extent  thrown  upon  his  o«n 
resources 

The  most  generally  used  foods  among  the  better  clasRes  have  mainh 
been  the  so-called  evaporated  creami  diluted  four  to  ten  times  with 
water  with  perhaps  the  addition  of  an  indefinite  amount  of  limewater 
and  tugar  When  diluted  suflitienth  to  give  a  buitable  prct^id  percent 
age  the  fat  and  sugar  an  far  below  the  requi'^ite  amount  fthile  the 
addition  (f  milk  wgar  or  cane  lugar  makes  up  one  of  the  deficiemies 
the  fat  percentage  remains  low  an  3  as  a  rehult  constipation  and  other 
defects  of  nutrition  are  verv  frequently  ohaerved  In  many  inatanci.f> 
\anou»  mixtures  of  milks  and  of  foods  containing  starch  and  sugar  are 
contocted  these  otLrcome  the  constipation  but  thei  'ftill  leave  the  fat 
deficient  or  the  protcids  too  high  and  thus  other  and  more  senous  dis 
turbanees  arise 

Inasmuch  as  conditions  are  such  as  to  make  the  employment  of 
preserved  milkb  imperative  m  the  feeding  Df  mfdnts  it  is  neccssarv  to 
use  the?e  substances  to  the  best  advantage  lo  accomplish  this  end  nir 
experience  has  shown  ua  that  it  is  better  to  disregard  the  claims  and 
directions  of  the  milk  minufacfcurers  to  analyze  their  products  carefulh 
and  hy  careful  combinations  to  tnstttute  percentage  feedxng  uith  the  me 
of  these  artificial  foods.  It  is  remarkable  what  may  be  done  in  this  way 
with  patients  presenting  the  greatest  difficulties  in  feeding. 

However,  in  order  to  secure  the  best  results  with  this  percmtaqe  feeding 
of  artificially  prepared  mdH  a  tjwst  important  prerequtsiie  ts  constantly 
to  impress  upon  mothers  and  nurses  the  neresttty  of  the  superttston  of 
the  physician.  It  is  justifiable  to  explain  to  the  mother  that  feeding  of 
the  infant  is  a  more  stricth  medical  matter  than  is  e(en  medical  supervi 
siOn  at  the  birth  of  the  child  Absolutely  nothing  should  he  fed  e\ci  pt 
what  is  prescribed  in  unting  by  the  physician  and  it  members  of  the 
family  are  taught  this  from  the  birth  of  the  infant  and  their  confidence 
is  assured  by  a  carefully  prepared  formula  for  feeding  but  little  difficulty 
will  be  experienced  in  controlling  the  situation  and  insuring  the  health 
of  many  babies  who  would  otherwi^ie  perish  from  dietetic  errors  For 
this  percentage  feeding  in  Manila  our  armamentarium  consists  prin 
cipally  of  the  following  substances : 

1.  Plain,  sterilized,  uncondensed  milks:  There  are  five  brands  on  the 
market. 

3.  Pure  creams:  There  are  three  brands  on  the  market. 
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3.  Sugars:  Lactose  and  saccharose. 

4.  Diluents :  The  usual  varieties  of  barky  water,  oat-meal  water,  lime- 
water  and  sodium  citrate  solutions. 

5.  Peptonized  milks,  butter  milks,  fat  fret  milk  and  the  other  usual 
modifications  of  fresh  milk  may  nearly  all  be  made  in  a  fairh  Batisfattory 
manner  from  the  fresh,  sterilized  milks  mentioned  abo\(.  b^  the  use  of 
appropriate  ferments  and  other  methods. 

6.  In  place  of  the  plain  sterilized  milks  condensed  nh^le  milke  or 
the  so-called  evaporated  creams  which  are  in  realitv  only  condensed  whole 
milks,  may  be  used  provided  the  percentage  method  of  dilution  is  used 
and  the  deficient  fat  made  up  by  the  additi  m  of  cream 

7.  In  special  cases  and  where  price  is  an  object,  the  condtnaed  sweet 
ened  milks  may  be  used  by  following  the  percentage  methods  m  dilutions 
and  by  the  addition  of  cream  to  replace  the  deficient  fat 

All  the  milks  which  have  been  mentioned  ha\e  been  earefulh  analyzed 
either  in  this  laboratory  or  by  other  authorities  and  the  averages  shown 
in  Tables  Nos.  11  and  15  may  be  used  as  sufRcientiv  accurate  for  prattical 
purposes. 

By  using  these  averages  and  figuring  on  100  cubic  centimeters  of 
finished  product  as  a  percentage  basis,  calculations  are  easily  made  and 
the  only  vessel  necessary  in  preparing  the  food  is  a  clean  graduated  glass 
cylinder  one  of  1000  cubic  centimeters  capacity  will  be  found  most 
useful 

The  rich  tinned  creams  do  not  keep  lery  well  after  the  can  is  open 
and  for  that  reason  it  is  well  to  prepare  an  entire  day  ■!  feedmg  at  one 
time  fill  it  into  the  necessary  number  of  ( lean  nursing  bottles  plug  with 
cotton  and  keep  m  the  ice  box  until  ready  for  use 

bome  prescriptions  for  percentage  feeding  are  given  below  but  in 
order  to  make  the  subject  still  more  clear  the  following  example  is 
submitted 

Suppose  it  18  desired  to  gne  an  mftnt  1^  monthb  Did  eight  feedings 
of  100  cubic  centimeters  each  in  twenty  four  hours  each  feeding  to 
contain  fat  4  per  cent  sugir  "  per  cent  and  prjteid  1  per  cent  By 
simple  cakulation  or  bv  reference  to  the  Cox  chart  number  1  we  fand 
that  1  per  cent  proteid  and  4  per  cent  fat  may  be  obtained  b>  using 
34  cubic  centimeters  of  one  of  the  above-mentioned  sterilized  milks  and 
11  cubic  centimeters  of  one  of  the  21  per  cent  creams  ir  7J  cubic  centi 
meters  of  the  38  per  cent  cream  to  each  100  cubic  centimeters  of  finished 
product  or  192  cubic  centimeters  of  milk  and  88  or  00  cubic  centimeters 
of  cream  for  the  entire  days  feeding  of  800  cubic  centimeters  Simple 
calculation  shows  that  this  lubstance  will  contain  but  1  b  per  cent  of 
lugar  and  this  deficiency  may  be  made  up  bj  the  addition  of  5  4  grams 
of  milk  bugar  per  100  cubic  centimeters  of  finished  prrduct 


Hosted  by 


Google 


INFANT   FEEDING.  OOl 

Having  determined  the  neceBsary  amounts  of  the  different  substances 
to  be  used  in  the  finished  product,  a  prescription  should  bo  written  , 
showing  these  amounts  and  the  percentages  of  each  ingredient.  The 
mixture  is  best  made  in  the  following  manner : 

PJaoe  the  necessary  amount  of  distilled  or  boiled  water  in  the  graduate,  add 
the  milk  si^ar  and  stir  with  a  clean  glasa  rod  until  solution  Is  complete,  next 
add  the  requisite  amounts  of  milk  and  cream  and  stir  again.  Finally,  add  the 
limewater,  sodium  citrate  or  other  raodiiier,  stir  and  pour  tlie  product  directly  into 
the  necessary  number  of  clean  nursing  bottles,  stopper  with  clean  cotton  and  place 
in  the  ice  chest  until  ready  tor  use. 

When  using  sodium  citrate  in  the  food  it  is  best  to  prescribe  a  3 
or  5  per  cent  solution  to  which  a  few  drops  of  chloroform  have  been  added 
to  prevent  baeterial  decomposition. 

With  little  care,  any  reasonable  percentage  food  may  be  made  according 
to  the  above  method  and  we  need  not  at  this  day  emphasize  the  confidence 
with  which  such  known  percentages  are  fed,  nor  the  excellent  control 
which  a  knowledge  of  jusi  what  the  infant  is  being  fed  gives  us  over 
many  of  the  more  frequent  disturbances  which  food  often  causes  in 
infants. 

Both  the  manner  of  percentage  feeding,  and  its  results  may  be  further 
shown  by  a  few  illustrative  cases. 

Case  1.— Pour  monlhs  oM,  u>eight  9i  pounds,  anemic,  waited,  diarrhtra  with 
exeoriatiom  about  mwi,  mucous  membranes  of  mouth  red  and  inflamed,  abdomen 
pimninent.  romiting  of  food,  fretful  and  crying  much  of  the  time.  Percentage 
feeding  instituted  ici(ft  rapid  gain  in  v!eight  and  complete  recovery. 

This  baby  was  a  normal  child  at  birth,  weighing  8  pounds.  The  mother's  milk 
was  reported  to  be  deficient  in  quantity  from  the  beginning  but  no  examinations 
were  made.  At  2  weeks  of  age  alternate  feedings  of  breast  «nilk  and  a  certain 
condensed  miik  were  instituted,  the  milk  being  prepared  according  to  the  direc- 
tions of  the  raajiufacturer.  No  improvement  followed  and  at  5  weeks  of  age 
another  milk  was  tried.  Still  the  baby  failed  to  improve  and  during  the  next 
ten  weeks  the  giving  of  still  another  brand  of  artificial  food  was  instituted. 
When-the  baby  came  under  our  observation  a  dose  of  castor  oil  was  given  and  all 
food  withiieid  for  twenty  hours,  after  which  a  prescription  was  given  of  sterilized 
milk,  pure  27  per  cent  cream,  milk  sugar  and  sodium  citrate  in  such  proportions 
as  to  give  a  little  leas  than  the  normal  percentage  of  fat,  sugar  and  proteid.  The 
child  enjoyed  the  food,  did-  not  vomit  and  improvement  was  rapid  from  Ihe  date 
the  feeding  was  instituted.  By  altering  the  amounts  of  "milk"  and  "cream"  which 
were  used,  the  percratages  of  the  fat,  sugar  and  proteid  were  changed  so  that  at 
5i  months  of  age  the  child  was  taking  normal  amounts  and  was  in  excellent 
health ;  he  i)a';sed  from  observation  at  8  months  of  age.  A  study  of  tJie  mother's 
statements  about  the  amount  and  kind  of  food  previously  given  in  connection  with 
the  analysis  given  in  Table  No.  l.'i  shows  that  this  baby  had  been  receiving  too  _ 
much  proteid  (3J  per  cent)  and  sugar  (8  per  cent)  and  not  enough  fat  {l.S  per 
cent),  and  in  addition  10  per  cent  limewater  was  bring  used. 

Case  2.— Four  montlia  of  age,  weight  12  poundt,  fretful  and  trying,  fontanetlea 
sunken    musi'les  uaated,   oonstipation,   head   perspiring,   tender   jointe  and   back, 
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takes  food  irregulnrly  foUo  ed  occasi  lally  bv  lo  i  mo  Percentage  feeding 
tnatttuted  wtth  rapid  lecotery 

Because  of  failure  of  breast  milk  this  normal  Bj  pound  baby  was  giien  •(  ib 
stitute  feeding  at  "i  'ueeks  of  age  coiiiisting  of  an  evaporated  cream  prepared  ac 
eording  to  the  directions  of  the  manufacturer  Thifre  Has  no  mprovement  and 
when  the  infant  came  under  observation  it  was  receiving  a  one  fourth  dilution  of 
this  milk  plus  10  per  cent  lime  vtttffr  and  'i  per  cent  milk  sugar  Figuring  from 
our  Table  No  16  ne  see  that  this  baby  was  taking  about  a«  follows  fat  2  5  per 
cent  sugar  9  per  cent  and  proteid  2  75  per  eent  The  proper  percentages  «ere 
instituted  here  by  simph  combining  a  38  per  cent  preserved  cream  with  a  proper 
nmount  f  tl  e  same  excellent  food  the  baby  had  been  rece  v  ng  u  th  ti  e  addit  oi 
of  the  necessary  sugar  and  the  changing  of  the  limewatcr  t«  a  solution  or 
sodium  citrate 

The  trouble  with  th  b  patient  as  with  the  other  and  many  more  whom  we 
c<iul  1  enumerate  vas  the  lack  of  proper  proportions  of  the  efisentiala  n  the  food 
ind  this  lack  was  largely  due  to  the  want  of  appreciation  of  what  was  necessary 
and  to  a  manufacturer  s  claims  for  the  superiority  of  his  milk 

B>  proper  adjustmenl*  of  amounts  of  the  vanoiiB  Vrand«  of  stenliaed 
pure  cow  s  milk  evaporated  or  condensed  milks  and  preserved  and  eon 
den&ed  cream  a  fairh  »idp  sanation  of  percentages  ma\  be  made  and  it 
It  in  this  way  that  we  mav  obtain  tlie  be'it  results  from  feeding  prcherved 
milk-i  What  it  mobt  needed  on  the  part  of  manufaiturera  is  the  giving 
of  more  accurate  mtormation  concerning  the  composition  of  their  foods 
and  their  methods  of  preparation  with  fewer  statements  about  what  they 
will  accomplish  bpecial  res  Its  m  special  eases  are  more  the  result  of 
elasticity  in  the  babies  metiboh&m  than  m  any  unique  composition  which 
may  he  gncn  to  an\   jne  brand  of  cows  milk  evaporated  in  imuo 

Chart  No  1  opposite  this  page  which  has  been  prepared  for  us  by  Br 
A  J  Cox  Chemical  Ijaborat^ry  Bureau  of  Science  taken  m  conjunction 
ttith  Table  ISo  I'i  will  help  the  physician  m  calculating  his  percentage 
from  the  principal  milks  to  be  fcund  m  the  Manila  market 

Explimation  of  Chart  \o  1  " — -The  fact  that  children  of  different  ages 
require  milks  of  different  composition  for  their  proper  nourishment 
makes  it  very  de&irable  that  we  haie  some  wa\  of  quickl>  ascertaining 
the  proper  mixture  of  milk,  and  cream  and  it*,  dilution  Ihe  old  cut 
and  dried  method  is  unsati=!factorv  and  extrcmelv  slow  because  of  the 
great  number  of  variable  factors  mvohed 

The  very  close  agreement  between  the  analjses  of  all  the  brands  of 
pure  stenhzed  milks  fcr  sale  on  the  Alaniia  market  makes  it  posiible  to 
prepare  a  thart  from  which  the  amounts  of  lactose  water  milk  and 
eream  which  will  give  the  prcper  percentage  of  constituents  m  the  final 
product  ma\  be  calculated  when  an>  one  of  these  milks  and  an\  standard 
pure  cream  are  used  The  chirt  is  prepared  on  the  basn  of  a  38  per 
cent  cream   but  as  is  e\[.la]ned  Hob  it  ii  equalh  well  adaptel  for  the 

■  By  Dr.  A.  J.  Oox. 
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87  per  cent  creams  which  are  now  on  the  market.    The  average  of  the 

pure  sterilized  milks*  previously  mentioned  has  been  taken  as — 


The  average'  of  the  analvsos  of  several  samples  of  the  38  per  cent 
cream  is  as  follows: 


It  will  be  ''een  that  the  percentage  of  proteid  is  roughly  the  same  m 
both  milk  and  cream,  so  that  for  young  children  the  desired  low  protcid 
conttnt  ma>  be  obtained  eimph  b>  dilution  of  either  of  these,  but  this 
would  not  suffice  for  the  content  of  fat  If  milk  alone  were  diluted  the 
fat  would  be  too  greatly  reduced  and  if  the  cream  alone  were  used  it 
would  be  too  high,  but  by  using  both  milk  and  cream  a  mixture  mav  be 
obtained  which  will  also  give  the  desired  fat  content 

Enough  sugar  of  milk  ma^  then  be  added  to  increase  this  constituent 
to  the  percentage  desired  or  better  stili  after  the  factors  are  established, 
dis&ohe  the  sugar  of  milk  m  the  water  before  ad<hng  the  milk  and  cream, 
tor  then  one  can  see  that  a  perfect  solution  11  attained 

For  the  mixture  of  cream  with  milk  the  penentage  of  each  constituent 
varies  from  that  of  the  milk  toward  that  of  the  cream  directly  m  propor- 
tion to  the  amount  of  cream  added,  that  is,  a  straight  line  joining  the  per- 
centages of  a  constituent  in  the  milk  and  the  cream  gives  all  the  possible 
variations  for  the  percentage  of  that  constituent.  Now,  if  this  mixture  is 
diluted  with  water  we  would  get  the  same  result  divided  by  the  amount  of 
dilution,  or  a  curve  (straight  line)  parallel  to  the  former  with  its  lower 
end  terminating  on  the  number  of  cubic  centimetersof  the  mixture  which 
was  diluted  to  100  cubic  centimeters.  These  results  have  all  been  ex- 
pressed in  the  chart.  In  the  chart,  the  curves  have  been  made  for 
variations  of  5  cubic  centimeters  in  the  total  mixture  of  milk  and  cream 
to  be  diluted  to  100  cubic  centimeters.  Closer  results  could  he  obtained 
if  1  cubic  centimeter  variations  had  been  plotted,  but  the  network  of 

'  If  one  of  the  sterilized  pure  milks  is  not  at  hand,  a  milk  of  approximately 
the  same  composition  may  be  had  by  diluting  a  volume  of  any  of  the  better  olaaa 
of  concentrated  milks,  or  "evaporated  creams"  shown  in  Tables  No.  11  and  15, 
with  U  volumes  of  distilled  wnter,  that  ia,  every  40  cubic  centimeters  should  be 
diluted  to  100  cubic  centimeters  and  this  may  be  used  instead.  Any  good  quality 
of  (Maltese)  goat's  milk  may  also  be  used. 

'  One  sample  which  contained  20.8  per  cent  fat  aad  8  per  cent  sugar  was  not 
included  in  this  average. 
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curves  would  have  been  confuBing.  The  curves  as  they  arc  given  only 
approximate  the  desired  results,  but  they  are  accurate  enough  for  all 
practical  purposes. 

These  being  the  data,  the  following  example  is  explanatory:  For  an 
average  child  six  werfca  old  we  desire  a  milk  of  the  following  com- 


We  may  start  with  either  the  desired  prottid  or  fat  content  Let  us 
take  the  jroteid  'iimph  because  these  curves  he  closer  together  an^  it  is 
easier  to  differentiate  at  the  beginning  For  1  per  ttnt  content  we  have 
two  possibilities  either  the  curve  which  terminates  m  the  40  or  the  one 
in  the  35  cubic  centimeters  of  total  mixture  of  miik  and  cream  to  be 
diluted  to  100  cubic  centimeter*  Let  us  first  consider  tht  former  If 
we  follow  the  fat  cur^e  for  thit,  mixture  to  4  per  tent  the  ordinate  at 
that  point  <\<xf  n  t  crons  the  proteid  curie  at  tht  desirei  point  namel} 
1  ]er  cent  If  on  other  hand  we  take  the  fat  cune  fir  the  35  cubic 
centimeter  mixture  and  follow  it  to  4  ptr  cent  we  find  the  ordinate  to 
cut  the  [roteid  curve  at  1  per  cent  content  and  this  hhows  ub  the  proper 
relation  to  be  S"^  cubic  centimeters  of  milk  and  "-J  tubic  tentimetere  of 
cream  Now  the  sugar  of  milk  curve  which  tertr  mates  on  35  cubic 
centimeters  intersects  the  chosen  ordinate  3*4  at  1  fi  per  cent  This 
gives  us  the  sugar  content  of  the  mixture  of  milk  cream  and  water  ft  e 
dfsire  "  per  cent  It  is  necessary  then  to  add  as  manv  grams  of  sugar  of 
milk  as  the  difference  between  the  desired  and  aetual  «ugar  eonttnt 
namelv  7  minus  1  6  or  5  4  grams  per  100  cubic  centimeter  Th  rtfore 
the  desired  amounts  of  each  are  as  follows 


Water 
Milk 

cubic  <* 

1  tin  eter'i 
do 

Cream 

do 

Sugar  of  milk 

grama 

If  a  pure  (ream  with  a  fat  content  other  than  that  which  is  the  bacis 
of  the  chart "  namely  3H  per  cent  ih  used  then  a  correction  in  the  quanfi 
ties  of  milk  and  of  cream  as  given  abo\e  !><  nece&aarv      If  a  cream  with 

'Roteh   T  M      Pediatrics  |1'>06)    1<«1 

'Two  such  samples  have  recenth  appeartd  on  the  Manila  market  namely  "Na- 
tuTa  and  Butterllv  Brand  the  analvses  of  single  samples  of  those  made  \iy 
this  Bureau  are  as  follows 


Proteid 


Bulterflj 
26  Q5 
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a  fat  content  lower  than  38  per  cent  ie  used,  then  in  order  to  give  the 

desired  composition  the  cubic  centimeters  of  cream  must  be  increased  to 

The    number    of   cubic 

77= ; — ■  ,  ,  . — -; ~: — —;  X  Centimeters  of  cream  given 

(The  per  cent  of  fat  m  the  cream  used)  —  4     ,     ,,       ,     , 
^         "^  by  the  chart. 

and  the  cubic  centimeters  of  milii  dimtnv>hed  by  the  amount  of  the 

increase  in  the  quantity  of  the  cream      If  a  cream  with  a  fat  content 

higher  than  38  per  Lent  ib  used    then  the  cubic  centimeters  of  cream 

must  be  diminished  to 

^„      ^  The    number    ot   cubic 

-  Xcentimeters  of  cream  given 


(The  per  cent  of  fat  in  the  cream  U6cu_i  —  "^     k    th     v,  rt 

'ind  ti  e   ub      ent  mete     of  n  Ik  n    e    edh    the  an  ount  of  the  decrea  e 
tl  e  q  ant  t      t  tl  e     eam      Ihe  prote  1  and  suga   of  all  p  re    reams 
ha  e    PI     X     atel    con  tant  v  lues  so  that  fo    these  the    1   rt   s  alua 
ap]  1   able  an  1  no  appre   able  error   s  pro  1  ced  wl  en  the    orreft  on  f  r 
fat    6  n  ade 

Let  on  le  what  th  results  of  the  above  example  would  b  we  e 
a  2  p  r  ent  eam  to  be  ael  n  teal  one  of  i8  per  cent  The  p  r 
eentage  of  fat  n  tl  e  forma  b  lo     r  tl  an  t  s  n  the  latt  r  tl  er  fore  the 

cream  requ  red  w  uld  be   n  reasei  to  ^^ — j  X  7  5   or  11  cub  c  cent 

neters  an   ncrease  of  3  5  cub  c  cent  meters  over  the  quant  ty  of  38  ]  er 
cent  cream     The  n  Ik  would  he  d  n      shel  b    3  5    ul  c  cent     eterh  o 
reduced    to      75  —  35    0     ^4cb        ent  meter        Hen  e     the    des  red 
amou  ta    f   a  h     gred  ent  to  give  a  n  Ik  of  the  abo  e  comp     t  on  wh 
a  i"  per  cent  is  used  wo  1 1  be — 

Water  b       en   m  te  65 

M   k  do  24 

C  earn  do  I 

SugH    o    m  Ik  grama  5  4 

If  t  s  de  red  to  add  i  me  water  (sod  um  citrate  etc  )  then  the  water 
CO  tent  al   uld  be  d      n  shed  1  y  the  number  of  cub  c  cent  meters  of  1  me 
water  (sod  un  c  trate  etc  )  to  be  added      If  mo  e  than  100    ub  c    ent 
neters  of  the  n    ture   s  les  ed      ultpl    the  q  anttes  of  water       Ik 
c  ea      an  1    u^ar    f      Ikejetlb  ant  nes  a    tl  e  quant  t 

le     ed    a  f  eate    than  1  0 


Hosted  by 


Google 


Hosted  by 


Google 


GANGOSA  IN  THE  PHILIPPINE  ISLANDS. 


By  W.  E.  MUSGBAVE  and  Habby  T.  Mabshaix. 


I.  Clinical  report. 
II.  Autopey  report. 
III.  Resume  of  literature, 

Gangosa  has  not  previously  been  reported  for  the  Philippine  Islands. 
Because  of  the  comparative  rarity  of  the  disease,  its  limited  geographical 
distribution  and  probably  infectious  nature,  the  following  case  is  of  suf- 
ficient importance  to  warrant  discussion.  The  patient  was  seen  several 
times  hy  Dr.  N.  T.  McLean,  United  States  Navy,  who  has  had  a  large 
experience  with  the  disease  in  Guam,  and  the  diagnosis  was  confirmed 
by  him. 

I.    CLINICAL   I 


Case  record. — Gangosa;  death;  autopsy. — The  patient,  C.  F.  (3179) 
was  admitted  October  31,  1906,  to  Dr.  MeDill's  service  in  St.  Paul's 
Hospital,  He  was  transferred  to  Dr.  Musgrave's  service  on  December 
15,  1906,  and  died  January  33, 1907.  He  was  a  Filipino,  male,  29  years 
old,  single  and  a  native  of  Santo  Domingo  de  Basco,  Batan  Islands.' 
The  patient  was  an  unusually  ignorant  native  of  the  lower  classes  and  the 
value  of  his  statements  was  not  very  great.  However,  the  following 
facts  obtained  at  different  times  and  repeated  to -different  interpreters 
are  probably  true.  Father,  mother,  and  two  brothers  are  living  and  in 
good  health.  The  patient  stated  that  none  of  his  relatives  has  a  disease 
like  his  but  he  was  equally  positive  that  several  other  people  in  the  same 
town  are  suffering  from  a  similar  condition.  Previous  diseases  were 
denied.  The  patient  stated  that  he  was  never  far  from  his  native  town 
until  he  came  to  Manila  two  years  ago  and  that  he  had  never  been  ill 
except  once  with  calmtura  (fever).  The  last  two  years  before  entering 
the  hospital  he  resided  in  one  of  the  barrios  of  Manila  and  worked  as  a 
stable  boy  most  of  the  time, 

'  The  Bttiones  constitute  the  most  northern  group  of  the  Philippine  Islands. 
They  lie  about  120  miles  due  north  of  Luzon. 
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His  statements  about  the  time  of  the  onset  of  his  present  illness 
differed  very  much,  but  Dr.  Ariston  Bautista  y  Lim,  who  saw  him,  thinks 
it  was  probably  about  five  years  ago  that  he  first  noticed  sore  throat 
and  that  the  disease  had  been  gradually  growing  worse  since  that  time. 
He  had  taken  many  kinds  of  medicine  during  the  last  two  years  without 
any  improvement.  On  admission  to  the  hospital  the  patient  was  consider- 
ably emaciated  and  anemic,  the  voice  had  the  intonation  peculiar  to 
destructive  conditions  of  the  larynx  and  soft  palate  and  there  was  an 
opening  about  1  centimeter  in  diameter  in  the  bridge  of  the  nose.  Upon 
closer  examination  it  was  found  that  the  uvula  was  partially  destroyed 
and  the  palate  had  tw)  i]rt>  grayi'.h  appearing  perforatmg  ulcere  The 
pharynx  upper  lann.\  palate  posterior  na'^al  struttures  both  bone  an  1 
soft  tissuei  WLre  partially  destroyed  t\  a  chrmic  t\pe  of  ulceration  and 
there  was  a  considerable  amount  of  scar  tis  ue  showing  sDme  e\idenc(.s  of 
repair  The  margin  of  the  ujper  lip  was  also  destroyed  leading  a  gra\ii! 
granular  surface  The  oJor  fr>m  these  lesions  was.  exceedingly  offensive 
and  there  was  at  times  a  slight  liicharge  of  granular  necrotic  material 
Alicr  'icopic  txamination  of  fresh  an!  stained  smear  made  bv  scraping 
the  surfaces  of  the  wounds  were  negatne  for  acid  fa  t  biciUi  and  for 
treponema  During  the  pLriod  cf  obaerva,tion  the  nasal  wound  increased 
m  size  there  wis  nun.  deformity  die  to  destruction  of  bone  and  the 
destructive  le  ion  on  the  upper  lip  progressed  slowlv  until  death  Plate 
I  IS  from  a  photograph  made  al  out  one  month  hef  re  the  fatal  temima 
tion  there  was  dimini  hed  sen  ation  oicr  the  urtaces  of  the  wound 
whifh  in  places  amounted  to  local  anastheaia 

The  skin  was  otherwise  rough  but  apparently  free  from  dihcase  or 
scars  About  five  weeks  before  death  a  dull  chrome  appearing  skin  ulcer 
developed  on  the  outer  side  of  the  left  shin  and  this  continued  slowly  to 
extend  until  death,  at  which  time  it  was  about  1  centimeter  in  diameter 
and  extended  tJirough  the  skin.  The  superficial  lymphatics  were  slightly 
enlarged  in  the  groins,  but  not  more  so  than  is  commonly  seen  among 
the  lower  classes  of  barefoot  people  here.  The  muscles  were  wasted,  the 
joints  were  free  from  disturbance  and  except  as  above  noted,  no  bone 
lesions  could  be  found.  No  abnormalities  were  found  in  the  circulatory 
system  except  an  ansemic  murmur  of  the  heart.  Temperature  was  normal 
and  there  was  but  slight  fever  at  any  time  during  which  the  patient  was 
under  observation,  which  was  nearly  three  months.  Two  days  after  ad- 
mission there  developed  an  irregular,  intermittent  fever  varying  between 
normal  and  38°. 5,  which  lasted  for  a  few  days,  and  again,  just  preceding 
the  fatal  termination,  there  was  slight  pyrexia.  A  blood  examination 
on  admission  showed  no  leucocytosis  and  no  abnormal  elements.  A  blood 
examination  five  days  before  death  showed  no  malaria;  leucocytes  11,600, 
hiemoglobm  80  percent. 
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Differential  count. 

Per  cent. 

Small  lymphocjtes  lO.O 

Large  lymphocytes  4.g 

Polymorphonuclears   82.0 

Eosinophiles  .  2.(! 

Basophilea _ .4 

There  was  slight  cough  at  times  during  the  patient's  stay  in  the  hospital, 
but  it  was  never  annoying  and  the  expectoration,  if  any,  was  swallowed. 
A  physical  examination  of  the  chest  on  admission  showed  signs  of  some 
bronchitis.  There  were  no  subsequent  examinations.  The  sputum  was 
not  examined  because  none  could  be  obtained.  The  tongue  was  con- 
stantly coated  with  a  heavy,  brownish  fur,  but  no  ulceration  took  place. 
The  appetite  was  poor,  the  patient  had  to  be  fed  largely  by  a  tube,  there 
was  no  vomiting  or  pain.  The  bowels  were  constipated,  moving  but 
seldom  except  from  cathartics  or  enemas.  Microscopic  examination  of  the 
feces  showed  ova  of  Trichuns  trickinra.  There  were  no  disturbances 
of  the  urinary  function.  Examination  of  the  urine  showed  a  trace  of 
albumin  and  a  few  hyaline  casts.  This  patient  never  complained  of  pain; 
as  a  rule  sleep  was  sufficient,  but  during  the  last  week  of  his  illness  there 
was  considerable  restlessness  and  insomnia.  The  reflexes  were  normal. 
The  eyes  were  apparently  normal,  hut  hearing  became  somewhat  defective 
toward  the  end.  The  sense  of  smell  was  almost  nil  and  speech  was  of 
the  Gangosa  type,  its  peculiarity  resulting  from  destruction  of  the  palate. 

Treatment. — A  probable  diagnosis  of  syphilis  was  made  when  the 
patient  was  first  admitted  to  the  hospital ;  anti syphilitic  treatment  was 
instituted  and  continued  for  three  months.  This  treatment  consisted  of 
intramuscular  injections  of  mercury  to  the  point  of  toleration,  of  potas- 
sum  iodide  by  mouth  and  intravenously  in  doses  up  to  10  grams  per  day. 
Mercury  was  also  tried  by  inunction. 

The  antisyphilitic  treatment  did  not  cause  any  improvement  and  it 
was  discontinued  after  three  months.  This  was  followed  by  copper 
sulphate  in  0.015  doses,  three  times  a  day  for  about  one  month  without 
any  improvement  and  no  further  specific  therapeutic  rtseasures  were  under- 
taken.    Death  occurred  January  23,  ]  907.     Clinical  diagnosis,  Gangosa. 

II.    AUTOPSY   REPORT, 

Autop^—F<i,T  hours  after  death  The  hod,  is  markedlv  emaciated 
rigor  mortis  ot  moderate  grade  present  one  Did  gravi  h  colored  uker  on 
the  left  leg  about  8  millimeters  m  diameter  extends  to  the  deeper  lavers 
of  the  skm  The  muscles  are  wasted  and  pale  The  superficial  lym 
pkaUcs  in  the  groin's  moderately  enlarged   pak  in  color  and  quite  firm 

The  left  lung  contains  a  few  red  bell  colored  infar  t  from  ~  milli 
meters  t    1  centimptir  m  liameter  mobth  m  the  lower  lobe     There  is 
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an  old,  adhusive  pleuritis  on  the  right  side;  the  right  lung  contains  several 
areas  similar  to  thost  m  the  left  and  there  is  alio  a  imall  tuberLulous 
caiitj  m  it"  apex  There  11  a  niodtrate  bronchiti'!  and  v  few  area*  of 
beginning  bronLho-(.neuinonia  in  both  organs  Nothing  ibnormd  is 
found  m  the  hiaif  or  it*  membranes 

The  dhdvmen  i«  fret  from  adhesions  the  ti'v-'ue'*  and  organ=!  appear  to 
1  e  ansemic  and  with  slight  enlargement  of  some  of  the  mesenteric  lym 
phatics  No  marked  departure  from  the  normal  is  «ecn  m  any  of  the 
organs  except  the  •^iomarh  This  "hows  a  general  hemorrhaj^R  catarrh 
of  the  mucosa 

In  order  to  preserve  good  museum  specimens  the  soft  ti^aues  of  the  neck  were 
diiided  at  the  upper  end  of  the  sterum  carefully  dissected  up  from  the  cenical 
eoliimn  and  the  latter  out  b\  Esanmg  through  the  first  cervical  leetion  The 
train  waa  remoied  but  nothing  abnormal  was  found  in  this  (rgan  Tlie  re^t  of 
the  head  and  soft  tissues  of  the  neck  were  placed  in  formalin  for  two  dajs  and 
then  aftPr  hardening  they  were  divided  antero  posteriorly  in  the  median  line 
B>  tl  IS  method  a  careful  study  ot  the  lesions  of  both  bone  and  soft  tissues  was 
made  possible 

In  these  'tpetimens  1  condition  topical  of  that  described  for  gangosa 
is  found  There  is  marked  destruction  and  some  star  formation  of  tht 
soft  parts  including  the  larynx  pharynx  soft  palate  uvula  and  nasal 
ti''8uei  The  nasal  septum  and  a  considerable  area  m  the  bridge  of  the 
now  including  both  brne  and  cartihgt  are  destroyed  The  palate  is 
alio  partially  destroyed  The  process  m  adlition  has  extended  into  the 
sinuses  of  the  cheek  bones  and  here  it  has  included  both  bone  and  soft 
tissues  There  is  no  evidence  of  acute  infld.mmation  the  inrface  of  the 
de"tro\ed  areas  is  covered  with  a  dirt\  grinular  material  which  when 
removed  ka^es  a  gray  sponge-hke  tissue  Scra[ings  from  the  diseased 
areas  are  free  from  acid  fatst  bacilli  and  trepjnem-i 

bme^ri  from  the  pneumrnic  areas  in  the  lungs  shewed  a  sin{,lc  hlarial 
embryo  but  no  others 'were  observed  during  the  examination  of  many 
preparations  from  similar  locations 

inaiomtc  diagnosis — Chronic  ulceration  of  the  naso  pharyngeal  tissues 
including  destruction  of  the  palate,  nasal  septum,  turbinates  and  involve- 
ment of  the  maxillary  sinuses;  together  with  extensive  destruction  and 
scar  formation  of  the  adjacent  soft  parts  of  the  larynx,  pharynx  and 
nasal  tissues.  Tuberculosis  of  the  right  lung  with  a  small  cavity  in  the 
right  apex.  Terminal  broncho-pneumonia.  Moderate  lymphadenitis, 
more  marked  in  the  region  of  the  neck.     Acute  hemorrhagic  catarrh  of 


■The  only  other  autopsy  which  has  been  made  upon  a  patient  with  gangosa 
is  one  reported  by  Mink  and  McLean.  In  their  case  a  male  ot  18,  the  entire 
nasal  passages,  hard  and  soft  palate  were  destroyed  the  tonsils  and  pillar?  were 
replaced  by  scar  tissue  1  there  was  cardiac  hypertrophy  and  fine  adhesions  existed 
between  the  lunga  and  pleaur*.  The  diagnosis  in  their  case  was  native  epidemic 
asthma." 
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Ulcer  I,  edge  of  sMn,  hematoxylin  and  eosin.~On  surface  of  ulcer 
there  is  a  structureless,  necrotic  membrane,  cloudy  and  purplish,  in 
which  one  can  dimly  make  out  degenerated  cells.  Necrotic  processes 
extend  from  this  membrane  into  clefts  in  the  tissue  beneath.  The 
transition  is  sharp  between  the  necrotic  membrane  and  the  subjacent, 
richly  cellular  tissue.  The  latter  is  a  loose,  vascular,  areolar  tissue  con- 
taining a  moderate  amount  of  fat  and  supported  by  heavy  trabeculte 
of  connective  tissue.  A  few  strands  of  degenerating  voluntary  muscle 
are  found  in  the  deeper  part  of  the  section.  The  loose  fatty  tissue  is 
black  from  accumulations  of  small  round  cells,  which  are  abundant  just 
at  the  necrotic  border  and  diminish  in  numbers  as  the  distance  from  the 
edge  of  the  ulcer  increases.  Mingled  with  the  small  round  cells  are  a 
few  large  mononuclears,  larger  epithelioid  fibroblasts,  and  numerous 
plasma  cells  with  small,  eccentric,  dark  nucleus  and  fairly  abundant 
irregular  bluish  protoplasm. 

The  necrotic  process  is  evidently  advancing  and  lias  already  involved 
several  vessels.  One  of  these,  a  small  artery,  is  plugged  with  a  hyaline 
mass  and  its  walls  can  no  longer  be  made  out  because  of  the  dense,  small, 
round  cell  infiltration,  but  near  by  a  wide,  thin-walled  sinus  shows  no 
obliteration  at  all.  With  the  exception  of  the  small  artery  above  men- 
tioned, and  one  other  artery  near  the  advancing  edge  of  the  ulcer,  in 
whicli  the  same  process  is  occurring,  there  is  no  special  accumulation  of 
round  cells  around  the  vessels. 

The  muscle  in  the  deeper  part  of  the  section  is  undergoing  necrosis,  and 
in  large  measure  has  become  converted  into  a  homogeneous  or  finely  gran- 
ular, bright-red  mass,  with  fine  nuclear  fragments  scattered  through  it. 

At  the  edge  of  the  ulcer  there  are  two  irregular  downgrowths  of 
stratified  epithelium,  one  nearly  a  millimeter  in  length.  In  each  of 
these  areas  the  upper  layers  are  of  irregular  thickness  and  composed  of 
large,  poorly  staining  cells,  often  vacuolated,  in  which  the  nuclei  show 
various  irregularities.  The  deepest  layer  of  cells  is  as  a  rule  uniform 
in  arrangement  and  staining,  the  downgrowths  being  no  more  atypical 
than  those  in  a  benign  papilloma  of  the  skin.  However,  along  one  side 
there  are  several  delicate,  finger-like  projections  of  epithelium  entering 
directly  into  the  underlying  tissue,  the  protoplasm  extending  beyond  the 
last  nucleus  to  form  a  protoplasmic  mesh  work  in  which  several  small, 
round  cells  are  gathered.  The  arrangement  makes  it  difficult  to  determine 
exactly  where  the  epithelium  ends  and  connective  tissue  and  infiltrating 
cells  begin. 

One  of  these  epithelial  areas  is  definitely  retracted  from  the  adjacent 
tissue,  and  this  shows  no  downgrowths. 

There  are  none  of  the  irregular  nuclear  figures  nor  epithelial  pearls 
which  occur  in  epithelioma  and  the  nuclei  of  the  cells  of  the  deepest 
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layer  o£  epithelium  remain  fairly  characteristic,  in  spite  of  the  irregular 
protoplasmic  lowiigrowth  It  is  to  be  noted  that  the  nuclei  of  the  epithe 
lial  cells  do  not  invade  the  underlvmg  ti««uc  tht  downgrowth  being 
altogether  protoplasmic 

Sections  B  C  D  E  i  and  G  taken  from  different  parts  of  the  ul 
ceratmg  area  between  the  interior  nires  md  the  pharynx  ha\e  much 
the  same  appearance  and  irt  characterized  by  advancing  necrosis  with 
ver\  little  reiction  on  the  part  of  the  tis&ue  The  nccrosiis  is  ^d^anclng 
upon  areolar  tissue  upon  mucous  gland'*  voluntary  muscle  etc  In  onh 
one  ease  is  then,  inv  leci  led  reaction  and  that  i*  found  m  a  section  taken 
videntlv  at  the  junction  of  the  ulcer  and  face  The  sectnn  passes 
through  the  edge  of  ulcer  and  «djacent  si  m  At  a  distance  from  tht 
ulcer  the  epithelium  is  delicate  and  thm  pigment  is  abundant  the  deep 
est  la^er  of  cells  is  uniform  the  under  surface  if  the  opithelium  is  fairlj 
even  with  onli  i  feii  small  papiUse  The  hair  follicles  =!Heat  glands 
sebaceous  glands  and  subcutaneous  tissue  appear  normal  As  the  edge 
of  the  ulcer  is  appnached  the  subcutaneous  tissue  becomes  slightly  cede 
matoub  inl  finallv  infiltrated  with  cells  The  epithelium  becomes  thicker 
and  thicker  the  homy  Ia\er  reduced  the  epithelial  pe^s  longer  thicker 
and  more  irregular  md  the  pigment  disappears  Just  at  the  edge  of 
ulcer  the  epithelium  dips  d>wn  as  an  irregular  peg  1  millimeter  into  the 
subcutaneous  tissue  The  epithelial  cells  are  large  cloud\  and  pink 
often  vacuolated  the  nuclei  are  vesicular  pale  uniform  and  do  not  show 
the  irregulanties  met  with  in  epithelioma 

Over  the  ulcer  there  is  a  thin  layer  of  necrotic  granular  pinkish 
material  beneath  which  lies  a  narrow  zone  of  disintegrating  cells  red 
Mood  corpuscles  etc  iramediateh  followed  b^  a  richly  cellular  and  vae 
cular  granulation  tissue  In  this  tissue  there  ire  man^  capillaries  round 
and  elongated  fibroblasts  disintegrating  led  llocd  corpuscles  and  much 
\cllow  blood  pign  ent  and  a  fairlv  large  amount  of  fibrillated  intercellular 
material  In  the  outer  border  of  the  granulation  tissue  there  are  a  small 
number  of  hmphocytes  and  tells  witl  small  round  dark  nuclei  and  fairly 
abundant  pmk  to  j  urple  protoplasm  the  nucleus  being  sometimes  central 
sometimes  eccentric. .  Extravasated  red  corpuscles  and  yellow  blood- 
pigment  are  found  as  far  as  the  deepest  limits  of  infiltration.  There  is 
no  evidence  of  perivascular  infiltration.  There  are  no  polymorphonu- 
clear leucocytes,  exeejiting  at  the  necrotic  edge  of  ulcer. 

The  granulation  tissue  is  lees  than  3  millimeters  at  its  thickest  part. 
There  is  an  abrupt  transition  from  this  to  the  slightly  tedematous,  fatty 
subcutaneous  tissue.  Within  2  to  3  millimeters  of  the  surface  of  the 
ulcer  two  large  arteries  are  found  with  their  walls  very  oBdematous,  and 
the  lumina  becoming  obliterated.  At  some  distance  below  the  end  of 
infiltration  there  is  found  a  strand  of  young  granulation  tissue  and 
plasma  cells,  but  there  is  no  evidence  of  the  occurrence  of  young  foci 


Hosted  by 


Google 


GANU08A   IN   THE   1'HIl.lITINES,  393 

s  beyond  the  advancing  edge  of  the  ulcer.  This  section  differs 
from  the  others  in  the  relative  abundance  of  granulation  tissue.  In  the 
other  sections  there  is  very  little  granulation  tissue  formed. 

In  sections  stained  by  the  Weigert-Gram  method  and  for  tubercle 
bacilli  there  is  nothing  characteristic.  No  acid-fast  bacilli  are  found. 
There  are  a  number  of  cocci,  mostly  diplococci,  and  a  few  slender,  blue- 
staining  curved  rods  on  the  free  surface  of  the  ulcer;  elsewhere  no 
bacteria. 

-  The  heart. — Stains  Well;  the  structure  is  well  preserved;  the  epicar- 
dium  slightly  ocdematous;  in  the  meshes  are  scattered  ft  few  small,  round 
cells  and  occasionally,  cells  with  red  protoplasm; "the  muscle  fibers  also 
are  quite  widely  separated,  the  intervening  spaces  being  clear  or  con- 
taining small  amounts  of  pale,  pink,  granular  or  fibrillated  material  but 
DO  leucocytes.  The  vessels  are  normal  and  show  no  perivascular  leu- 
cocytosis. 

The  protoplasm  takes  a  bright  eosin  tint ;  striation  and  fibrillation  are 
distinct;  the  muscle  nucleus  is  surrounded  by  an  oval,  clear  space  two  to 
five  times  the  length  of  the  nucleus,  containing  only  a  slight  amount  of 
brownish  pigment.  This  central  clear  space  often  makes  the  fibers  which 
are  cut  on  longitudinal  section  appear  to  be  split,  and  in  general  the 
muscle  fibers  are  drawn  out  into  longer  and  narrower  ribbons  than  usual. 
The  nuclei  are  small,  fairly  uniform,  pale  and  vesicular  with  a  darker 
nuclear  capsule  and  a  variable  number  of  chromatin  dots.  A  moderate 
number  of  fibers  show  myocardial  fragmentation  with  the  stair-like  ar- 
rangement of  fibrils. 

Lung,  hwmatoxyUn  and  eosin  and  tubercle  stain. — Typical,  acute 
broncho-pneumonia  is  shown  in  one  section.  Some  alveoli  are  nearly 
clear;  others  contain  coagulated  albumin.  Congestion,  oedema  and  de- 
squamation also  occur;  in  other  places  there  are  consolidated  areas  in 
which  the  alveoli  are  packed  with  polymorphonuclear  leucocytes,  red 
blood  cells  and  fibrin  in  varying  amounts,  fibrin  being  unusually  abun- 
dant. A  bronchiole  cut  in  the  section  has  its  wall  infiltrated  with  poly- 
morphonuclears and  its  lumen  stuffed  with  them,  together  with  a  few 
desquamated  cylindrical  cells. 

In  another  block  the  lung  tissue  has  broken  down  forming  a  small 
abscess. 

Section  through  another  nodule  presents  a  different  appearance.  Here 
the  process  answers  to  the  description  of  disseminated  tuberculosis  of  the 
lung.  There  are  discrete  and  confluent  miliary  nodules,  surrounded  by 
consolidation  beyond  which  is  more  or  less  normal  lung  tissue. 

In  the  center  of  a  miliary  nodule  is  a  nearly  concentric  whorl  of 
coarse,  red,  coagulated  fibrillar  material.  Surrounding  this  center  is  a 
zone  of  more  loosely  lamellated  fibrinous  material,  in  the  meshes  of  which 
are  a  moderate  number  of  epithelioid  and  small,  round  cells.     There  is 
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no  sharp  demarcation  between  this  zone  and  the  necrotic  center,  and  no 
clear  zone  of  nuclear  disintegration  except  in  an  early  stage,  and  even 
then  the  nuclear  fragments  are  diffused  through  the  whole  nodule  and 
there  is  no  karyolysis.  Dividing  connective  tissue  nuclei  are  found  in 
the  outer  part  of  this  zone,  together  with  numbers  of  large  cells  with  a 
single  eccentric  vesicular  nucleus,  and  fairly  abundant  protoplasm  which 
takes  a  bright  eosin  sfain.  At  the  outer  margin  of  the  central  core,  giant 
cells  are  occasionally  found,  with  a  dozen  or  more  vesicular  nuclei  placed 
murally  or  at  the  pol€S  of  the  cell,  the  protoplasm  being  abundant,  ir- 
regular in  outline  and  of  a  bright  red  color. 

New  capillaries  and  connective  tissue  cells  are  abundant  between  the 
nodules,  the  new  vessels  often  being  engorged.  The  nodules  contain  but 
few  polymorphonuclear.  Apparently  the  nodules  are  grouped  in  the 
neighborhood  of  a  dilated  bronchiole. 

ITiere  is  very  little  pigmoit  deposited  along  the  lymphatics,  but  dis- 
integrated red  corpuscles  and  blood  pigment  are  found  near  the  foci  of 
coagulation  necrosis. 

In  a  section  of  this  blook  stained  with  carbol-fuchsin  and  methylene 
blue  a  small  number  of  slender,  acid-fast  bacilli  are  found,  often  beaded, 
and  occasionally  slightly  branched. 

Liver. — Sections  of  liver  stain  well;  there  is  considerable  irregular 
contraction  and  shrinking  of  the  parenchyma  cells,  especially  around  the 
hepatic  veins.  The  parenchyma  cells  show  no  pigment,  they  are  coarsely 
granular  and  stain  deeply  in  eosin,  and  are  very  irregular  in  size.  There 
it  no  evidence  of  cellular  infiltration  and  no  new  connective  tissue  even 
where  the  shrinkage  Df  parenchyma  cells  is  most  mwked 

Spleen—ThB  section  stains  well  LapUaries  are  m  dcratcly  dilated 
the  contents  m  mant  cases  ha\e  fallen  out  the  trabecula,  are  lomewhat 
Icose  and  spongy  especially  at  their  margins  the  Maipighian  bodies  art 
inconspicuous  reduceil  m  sizt  and  possiblj  m  number  The  •'pongine'ifc 
of  their  reticulum  is  one  factor  reduc  ng  the  prominence  of  the  Malpi 
ghian  bodiei  The  todies  contain  normal  appearing  lymphocytes  there 
IS  no  prohftration  Occasionalh  m  the  center  of  the  Malpighian  body 
there  are  ftund  several  smaller  >r  larger  blocks  of  bright  rtd  strue 
tureless  hyaline  material  irregular  m  size  and  ''hape  anl  apparentlv  free 
m  the  tissue  In  the  neighborhool  of  such  material  it  is  common  to 
find  a  few  of  the  mononuilears  with  an  increased  amount  of  protoplasm 
nhieh  al'so  has  a  bright  hvaline-red  appearance  and  which  crowds  the 
nucleus  to  the  side 

\  focus  )s  found  m  the  pulp  resembling  an  encapsulated  solitary 
tubercle  3  J  millimeters  m  diameter  The  center  is  composed  of  a  mass 
of  reddish  detiitus  mosth  granular  with  a  few  fragmenting  nuclei 
At  the  periphery  is  a  narrow  zone  of  }oung  connective  tissue  advancing 
toward  the  necrotic  center  apparenth  devoid  of  \e«sels  Surrounding 
thn  IS  a  narrew  z  neef  concentric  lamellae  resemthng  connective  tissue 
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in  the  loose  meshes  of  which  are  rows  of  small,  round  cells,  usually 
having  irregular  nuclei  and  a  few  adult  connective  tissue  cells.  This 
zone  merges  at  once  into  the  pulp. 

The  endothelium  of  the  small  arteries  is  often  thickened  and  irregular, 
and  takes  a  bright-red  hyaline  color;  the  thickening  is  often  uneven,  and 
confined  to  one-half  or  less  of  the  circumference  of  the  vessel.  This 
hyaline  material  appears  to  be  amyloid  in  the  hiematoxylin  and  eosin 
stain,  but  it  does  not  respond  with  iodine,  iodine  and  sulphuric  acid, 
nor  with  methyl  violet  stains.  There  is  no  increase  in  small,  round,  cells, 
nor  in  polymorphonuclear  ieueoeytes. 

Kidney. — The  capsule  is  not  thickened;  the  capillaries  and  veins  are 
filled  with  red  blood  corpuscles ;  the  glomeruli  are  well  preserved,  mod- 
erately congested,  the  cells  not  increased,  the  capsules  of  Bowman  delicate 
and  normal.  The  convoluted  tubules  contain  a  small  amount  of  granular 
debris  and  a  fine  meshwork  of  coagulated  matter;  the  lining  cells  are 
large,  granular,  bright  red  and  frequently  send  protoplasmic  fringes  into 
the  lumen ;  the  nuclei  are  near  the  basement  membrane  and  apparently 
normal.  The  loops  of  Henle  and  the  collecting  tubules  appear  normal. 
The  interstitial  tissue  is  not  increased.     There  are  no  infiltrating  cells. 

Pancreas. — The  parenchyma  cells  have  retracted  from  the  stroma  pro- 
ducing distortions.  The  cells  are  small,  and  rather  deeply  stained.  The 
islands  of  Langerhans  are  normal. 

An  area  is  found,  miliary  in  size,  having  the  characteristics  of  an  early 
tubercle.  The  nuclei  in  this  area  are  small,  black,  fragmenting  and 
irregular;  the  protoplasm  bright-red  and  hyaline.  The  area  is  not 
sharply  marked  off  from  normal  pancreas.  No  karyolysis,  no  cellular 
infiltration. 

Cervical  lymph  gland. — In  one  section  the  blood  vessels  are  moderately 
engorged;  the  lymph  channels  are  widely  distended  but  nearly  empty; 
the  stroma  is  loose  and  the  strands  widely  separated;  the  cell  nests  are 
not  seen,  and  the  cell  columns  are  less  dense  than  normally. 

Two  areas  of  necrosis  over  1  millimeter  in  diameter  are  found.  In 
each  case  the  nodule  consists  of  a  large,  central  mass  of  bright-red  de- 
tritus, granular  and  lumpy,  with  a  few  fragmenting  nuclei,  surrounded 
by  a  narrow  and  imperfect  zone  of  large  epithelioid  cells  with  consider- 
able dark-red  protoplasm,  irregular  in  shape,  and  much  red-staining 
interstitial  tissue.  This  zone  is  free  from  capillaries  and  passes  over 
suddenly  into  lymph  gland  tissue. 

In  the  peripheral  sinus  only  a  few  cells  are  present;  several  of  these 
are  small,  with  deeply  staining  nucleus  and  a  narrow  band  of  red  proto- 
plasm, taking  much  the  same  shade  as  the  erythrocytes.  The  cells  in  the 
internal  sinuses  are  (1)  small  round  cells  and  (3)  large  cells  with 
vesicular  nucleus  and  abundant,  bright-red  protoplasm,  apparently  de- 
squamated endothelial  ceils.  Many  of  these  are  cloudy  and  have  only 
faint  traces  of  the  nucleus  remaining.     In  some  eases  no  nucleus  is  seen. 
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In  another  section  the  structure  of  lymph  gland  is  better  preserved. 
The  cell  neste  and  cell  straDds  are  clearly  marked,  in  contrast  to  the 
dilated  sinuses  which  contain  many  large,  pale  cells  like  those  described 
above.  There  is  no  endothelioid  cell  proliferation  at  the  center  of  the 
cell  nests. 

In  a  section  stained  with  Bhriieh's  triacid  stain  and  examined  with 
the  oil  immersion,  the  large  cells  in  the  sinuses  take  a  diffuse,  reddish- 
purple  tint,  and  show  no  granulation. 

Tissue  taken  from  various  parts  of  the  ulcerating  area  in  the  nares 
and  prepared  by  the  silver  impregnation  method  of  Levaditi  do  not  show 
Bpirochtetffi,  nor  other  characteristic  organisms. 

Histological  diagnosis. — Necrosis  of  the  nasal  passages  and  adjacent 
parts;  tuberculous  nodules  in  lymph  gland,  iung,  spleen  and  pan- 
creas, hyaline  and  amyloid  (?)  degeneration  of  spleen;  acute  broncho- 
pneumonia. 

RBMABKS. 

The  only  other  histologiea!  study  of  this  disease  which  has  come  to 
our  notice  is  that  of  Fordyce.  He  removed  bits  of  tissue  from  the  edge 
and  center  of  the  ulcer  of  his  case,  and  made  careful  studies  of  specimens 
stained  with  various  dyes.  Although  his  case  resembles  ours  in  many 
respects,  there  are  several  points  of  difference.  In  both  cases  there  was 
an  ulcer  bordered  by  tissue  showing  an  infiltration  chiefly  with  small 
round  cells,  but  also  showing  numerous  plasma  cells.  In  his  case  there 
were  but  few  polymorphonuclear  cells ;  in  ours  such  cells  were  difficult  to 
find.  Giant  cells,  which  were  fairly  numerous  in  his  sections,  were 
absent  from  ours,  although  in  one  section  there  were  proliferating  capil- 
laries, which  sometimes  took  the  form  of  a  long,  vacuolated  cell  with 
two  or  three  nuclei.  There  were  no  true  giant  cells  in  our  other  sections 
from  the  ulcer.  In  neither  case  was  there  caseous  degeneration,  but  in 
ours,  even  below  where  the  cellular  infiltration  was  marked,  there  was 
diffuse,  advancing  degenerative  change  in  fibrous,  glandular  and  muscular 
tissue,  which  was  not  present  in  Fordyce's  case.  In  eaeh,  there  was 
haimorrage  into  the  tissue,  which  was  quite  a  striking  feature  of  our  ease, 
while  new  forming  capillaries,  abundant  in  his  case,  were  noticeably 
absent  from  our  sections,  except  under  the  uicer  at  the  junction  with 
the  skin  of  the  face.  Parakeratosis  and  acanthosis  were  noted  by  Fordyce. 
The  epithelial  changes  in  our  case,  and  described  above,  were  similar,  but 
there  was  not  an  increase  in  the  horny  layer,  which  was  in  fact  diminished. 
The  epithelial  downgrowth  in  Fordyce's  ease  gave  a  picture  resembling 
epithelioma  (Plate  I),  a  condition  which  we  could  definitely  exclude. 

Summary. — The  main  differences  between  these  two  cases  are  that 
in  ours  there  was  less  reaction,  no  giant  cells,  more  haemorrhage,  much 
less  granulation  tissue  formation,  and  an  extension  of  the  necrotising 
process  beyond  the  line  of  infiltration  into,  the  structures  beyond.     In 
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the  study  of  our  bectims  no  mant  cells  were  encountered  although  pJasma 
cell"  were  abundant  touch  differences  may  readily  be  due  to  the  \ana 
tions  m  the  reactive  power  of  different  mdiMdualh-  and  to  secondary 
infection  and  it  seemH  quite  probable  that  the  two  cases  represent  the 
bame  condition 

III     RESIME   OF   LITEHATUBE 

There  is  at  the  prestnt  day  some  confusion  in  the  lifferential  diagnoiie 
fit  the  \anouh  frrm->  ]f  tropica!  ulceration  and  there  can  be  little  doubt 
but  that  the  disease  which  «e  trtat  of  m  thi?  article  hia  been  described 
at  different  tinien  under  varicua  names  The  most  complete  article 
dealing  with  the  subject  of  gaiigos>a  which  we  ha\e  found  is  the 
reetnt  ont  bv  llink  and  McLean  and  the  following  summan  is  taken 
from  this  and  from  the  papers  of  Leys  an  1  of  Pordyte  and  Arn>ld 

Gangosa  wa**  described  m  I'^iS  by  the  Spanish  Commission  which 
iisitfcd  the  Lidronc  Islands  Similar  ca  es  have  been  reported  from  the 
Caroline  I<(landi  Fiji  British  ficiana  Italy  Dominica  Ne\is  and  Pa 
nama.     It  probablv  exists  in  Cevlon  under  a  different  name^ 

Gango  a  is  a  Spanish  word  and  means  a  nasal  voice  The  disease 
IS  character  zed  bv  a  si  >wly  progressing  ulceration  starting  in  the  throat 
or  soft  palate  advancing  upwards  ind  forwards  through  the  nasal  pis 
sages  destroving  m  its  progres  the  'ieptum  hard  |  ilate  and  turbinates 
and  causing  the  falling  m  of  the  nose  In  rather  less  than  10  per  cent 
of  cases  the  uiceraticn  e\entualh  attacks  the  anterior  nares  and  leads  to 
more  or  less  complttc  destruetioo  of  the  nose  so  thit  it  is  possible  to 
look  through  the  nose  into  the  mouth  and  throat  In  the  later  stages 
the  upper  lip  may  be  attacked  and  the  process  may  extend  through  the 
lachrymal  ducts  or  across  the  face  to  the  eyes  leading  to  secondary  m 
fiammations  and  blindness  the  orlit  hlling  up  with  granulation  tissue 
Out  of  eighty  one  cases  tabulated  by  Mink  and  McLean  there  were  onli 
two  in  whom  hearing  was  affected  while  the  larynx  was  involved  thirty 
three  times  In  ur  case  there  was  double  vhtis  media  Phonation  is 
always  interfered  with  and  the  senses  of  smell  anl  taste  ire  usually  lost 
It  IS  ehaiacteristic  that  the  tongue  and  muscles  of  deglutition  escape 
The  ulcers  are  nearly  or  quite  jamless 

In  a  case  reported  by  Dr  Eat  the  ulceration  started  from  a  tutercle 
on  the  s>ft  palate  Three  of  Mmk  and  McLean  s  cases  started  with  mild 
sore  throat  or  coryza  \i  first  the  uleer  is  superficial  moveable  and 
covered  with  a  dirty  brDwnishgray  pelicle  It  spreads  rapidly  later  it 
becomes  chrome  and  granulation  tissue  is  frrmed  around  the  base  The 
ulceration  may  advance  steadily  for  many  years  or  mav  become  arrested 
at  any  time  leaving  a  chronic  uker     In  most  of  the  cases  of  Mmk  and 

'  On  a  rectnt  viait  to  t\  e  Batnne«"  Mr  Fergussoi  of  this  Bureau  found  several 
colonies  of  apparentlv  gangotie  eufferer^  living  m  quarters  more  or  lee^  isolated 
from  the  main  villages      The«e  people  are  regarded  as  lepers 
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McLean  the  ulceration  became  quiescent  after  from  one  to  seven  years, 
the  average  time  being  two  years,  while  in  seven  cases  the  advance  was 
continuous  for  from  ten  to  thirty-five  years.  Periods  of  advance  and 
quiescence  may  alternate.  During  quiescence  there  ia  an  abundant,  very 
offensive  discharge.  It  is  remarkable  that  the  general  health  is  hardly 
affected,  even  with  extensive  and  long  continued  ulceration.  An  excep- 
tion to  this  rule  is  to  be  noted  in  the  case  of  children  under  5.  years,  in 
gangotic  families,  who  may  die  within  forty-eight  hours  from  a  fulminat- 
ing type  of  the  disease,  almost  like  diphtheria.  The  ulceration  in  gangosa 
is  limited  to  the  throat  and  adjacent  parts.  No  similar  ulcers  are  found 
in  other  parts  of  the  body. 

We  had  no  opportunity  to  determine  the  etiological  factors  in  our  case. 
Mint  and  McLean  analyzed  135  cases  at  Guam  and  estimate  that  about 
two  per  thousand  of  the  native  population  are  affected,  whereas  Arnold 
gives  a  higher  estimate.  No  eases  have  been  seen  in  white  people  or 
in  those  of  mixed  blood.  The  majority  of  all  cases  develop  during  the 
second  and  third  decades,  and  more  during  the  second  than  at  any  other 
equal  interval ;  but  the  disease  may  appear  at  any  age  from  three  to  sixty 
or  eighty.  Women  are  attacked  more  frequently  than  men.  Gangosa  is 
not  hereditary,  but  is  probably  infectious.  The  natives  think  that  it 
comes  from  eating  fish.     The  degree  of  infectitfusness  must  be  low, 

Gangosa  must  be  differentiated  from  other  forms  of  chronic  ulceration. 
Leprosy  can  be  excluded  by  the  absence  of  nodules,  infiltrations  and 
anfesthesia,  the  fact  that  the  characteristic  bacilli  can  not  be  found  in 
the  ulcer,  by  the  sudden  onset  of  gangosa,  and  by  the  general  good  con- 
dition of  the  patient.  From  the  other  granulomata,  the  differential 
diagnosis  should  not  be  difficult.  Epithelioma  may  be  excluded  by  the 
wide  prevalence  of  gangosa  in  a  small  community,  by  the  early  age  of 
onset,  the  protracted  course,  the  absence  of  metastases,  the  softer  base  of 
the  ulcer  and  the  histological  features. 

In  certain  respects  the  disease  resembles  an  unchecked  Vincent's  angina 
or  noma.  The  protracted  course  and  the  absence  of  general  symptoms 
exclude  noma.  In  our  case,  tissues  stained  by  Levaditi's  silver  method, 
by  flram-Weigert  and  by  the  carbol-fuchsin  methylene  blue  method  for 
tubercle  bacdli  failed  to  show  the  spirochasta  of  Plant  and  Vincent. 

The  differential  diagnosis  from  syphilis  and  yaws  is  difficult.  We  do 
not  wish  to  enter  into  the  syphilis-yaws  controversy  at  this  time,  and  we 
vfill  merely  state  that  we  have  never  seen  any  lesions  of  yaws  which  pre- 
sented the  faintest  resemblance  to  gangosa,  although  the  typical  frani- 
boesial  skm  lesions  are  not  uncommon  in  this  region.  However,  it  is 
obvious  that  gangosa  bears  a  strikingly  similar  appearance  to  the  uleera- 
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tion  occurnng  in  a\phihs  and  HutchinBon'  has  presented  a  Rtrong  case 
for  those  who  mamtain  that  s'lphilis  and  ^ana  are  modified  formB  of  the 
same  disease  Neither  Mink  and  Mcljean  nor  Ijev«  found  any  syphihe 
whatever  among  the  natives  of  Guam  where  gangosa  prevails  bo  wilely 
and  thev  satisfied  thomeehes  that  there  is  nj  caanal  connection  between 
svphihs  and  gangoia  Mink  and  McLean  also  convinced  themsel^eb 
that  the  disease  is  independent  of  yaws  Fordyce  and  Arnold  excluded 
syphilis  from  the  diagnosis  of  their  case  because  of  the  long  duration 
of  the  ulcer  in  a  limited  area  the  failure  of  antisyphilitic  remelies  to 
relieve  the  condition  and  because  thc>  eonsiderel  it  unusual  to  have 
the  lachrjmal  duct  involved  bj  direct  extension  of  intranasal  syphilitic 
ulceration  In  our  case  the  patient  failed  to  respond  to  vigorous  anti 
syphilitic  treatment  There  were  no  other  signs  suggestive  of  syphiliR 
either  eiinicallj  or  at  autopsy  the  histological  features  of  the  ulcer  were 
not  suggestive  of  siphiJis  and  no  spirochffitffi  could  be  found  in  the 
tissues  after  imprtgnation  with  silver  according  to  the  method  of  Le 
vaditi 

Considering  brth  the  literature  and  our  case  we  think  that  the  weight 
of  evidence  is  in  tavor  of  the  ^lew  that  gangosa  is  a  disease  independent 
of  syphilis  but  we  do  not  regard  thii  as  a  lefinitelj  established  fact 

Tuberculosis  mu'-t  also  1  e  differentiated  In  our  ease  the  patient  had 
unquestionably  a  chronic  pulmonary  tuberculosis  with  a  few  bmall  tuber 
clch  in  vinous  organs  but  no  tuberculous  lesion  exiftted  along  the  ad 
lancmg  edge  of  the  ulcer  and  no  tubercle  bacilli  could  be  found  in 
it  In  Fordyce^s  case  the  inoculation  of  guinea  pigs  and  the  test  with 
tuberculin  proved  to  be  negative  for  tuberculosis  and  a'*  in  our  case 
the  general  histological  appearanceh  were  unlike  that  disease  \t  the 
same  time  there  were  giant  cells  in  Fordyce  s  sectionb  and  m  both  hi 
and  ourb  there  were  extras asated  red  blood  corpuscles  \ccording  to 
fetelwagon"  lupus  not  inJrequentlj  attacks  the  mucous  membranes  and 
niaj  affect  the  soft  palate  harl  palate  or  \elum  the  mucous  membrane 
involvement  taking  place  in  15  or  even  TO  or  80  per  cent  of  the  cases 
Against  tuberculosis  are  (1)  the  painles'^neHs  of  the  lesion  (i)  the  long 
duration  (3)  the  ontmued  good  health  of  the  patient  and  (4)  the 
absence  of  symptoms  of  tuberculosis  el  ewherc 

The  considerations  enumerated  aboie  dispose  us  to  take  the  view  that 
this  patient  suffered  primarily  from  gangosa  apparentlj  a  separate 
disease  that  the  tuberculous  process  was  secondar\  and  that  he  died  of 
a  terminal  acute  broncho  pneumonia 

'  Framboesial  Syphilis  (Yaws  and  Parangi) ;  Atlas  of  Clinical  Medicine, 
Surgery  and  Pathology  of  the  New  Sydenham  Society.  Part  I,  FasciculuB  XIV 
(1002). 
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It  will  require  careful  obervations  on  several  cases  under  prolonged 
treatment  to  justify  a  positive  expression  of  opinion  as  to  the  part  played 
by  syphilis  or  yaws  in  the  gangotic  proccse." 


(1)  Fordyce  and  Arnold:  J.  of  CuioHeoHS  Diseases  (IBOO),  XXIV,  1. 

(2)  Leys:  J.  Trap.  Med.   (1906),  IX,  47. 

(3)  Mink  and  McLean:  J.  Am.  Med.  Asa.   (IBOfi),  XLVII,  1106, 

0  Diseases  of  the  skin     W   B   Saunders,  4th  Ed.  (1905),  087. 

•While  this  article  was  in  pre>w  Stitt  (U.  S.  Naval  Med.  Bull.  (1007),  I,  9fi) 
reported  a  ca-fc  of  gangosia,  t!ie  first  in  a  white  man.  The  patient,  a  aailor, 
had  recently  come  from  <Tuani,  uhere  he  liad.  exposed  himself  to  gangosa,  but  lie 
also  had  a  history  of  ^jphilii  flie  jears  before.  Antisyphilitie  treatment  did  not 
cheek  the  disease 
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Plate  1.  A  pliotograph  showing  the  deformity  of  the  nose  and  lip  produced  by 
gangosit. 
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Infection,  Immnnity  and  5«Tnin  Therapy  in  Relation  to  the  Infeotloni  Diieaiea 
which  Attack  Han,  ^th  ConsiderHtlons  of  the  Allied  Subjects  of  A^Iu- 
tiu&tion,  Freoipltatlon,  HemolyBiB,  etc.  By  H.  T.  Ricketta,  M.  D.  Cloth. 
Pp.,  X -(- GOO.  Price,  $2.50.  Chicago:  American  Medical  Aii»ooiBtion  Press, 
1906. 

This  exceiieiit  review  has  become  so  widely  known  and  was  received 
BO  favorably  on  its  first  appearance  in  the  columns  of  the  Journal  of 
the  American  Medical  Association  that  an  extensive  analysis  seems 
superfluous. 

The  book  is  divided  into  two  parts,  a  general  and  a  special.  In  the 
first  334  pages  the  facts  and  theories  of  infection  and  immunity,  together 
with  a  consideration  of  antibody  formation  in  general,  are  set  forth 
clearly,  interestingly  and  with  reasonable  fullness.  In  this  place  haamoly' 
sis  and  allied  processes  are  considered. 

In  the  second  division  of  the  book  the  diseases  of  an  infectious  nature 
are  classified  in  accordance  with  the  theoretical  considerations  of  part 
one.  A  review  of  the  recent  work  which  tends  to  throw  light  upon  the 
nature  of  the  process  involved  is  given  for  each  disease,  and  an  acccount 
is  given  of  the  methods  of  immunization  and  the  results  obtained.  In 
addition,  the  etiology  and  pathogenesis  is  entered  into  in  some  instances, 
notably  in  the  cases  of  the  protozoon  infections. 

In  general  the  style  is  so  clear  that  the  book  will  prove  intelligible  and 
nteresting  to  medical  men  who  have  not  had  special  laboratory  training 
n  immunity  research.  The  general  arrangement,  subdivision  and  index- 
ng  makes  the  book  available  for  quick  reference. 

R.  P.  S. 


Olagnostic  Hethods.  By  Prof,  Dr.  Hermann  Sahli.  Edited  with  additions,  by 
Franeia  P.  Kinnicutt,  M.  D.,  and  Nath']  Bowditch  Potter,  M.  D.  Authorised 
translation  from  the  fourth  revised  German  edition.  Cloth.  Pp.,  1008.  Price, 
$6.50  net.     Philadelphia  and  London:  W.  B.  Saunders  Company,  1906. 

With  the  additions  made  by  the  American  editors,  this  book  forms 
the  most  exhaustive  and  complete  attempt  yet  published  upon  the  sub- 
ject of  diagnosis.  Every  practicable  method  of  obtaining,  classifying 
and  properly  weighing  data  looking  to  a  determining  diagnosis  is  con- 
sidered, including  subjective  and  objective  information  as  well  as  that 
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«ecur(.d  bj  laboratory  mctl  ods  ind  h\  the  u  e  of  instruments  of  preei 
"^itn  The  most  remirkable  feiture  of  the  book  11  its  originalitj  it 
being  largph  built  up  from  Professor  Sahli  b  own  experience 

The  thapter  on  hi  tory  taking  and  general  coniidcration  of  subjectne 
data  18  exeeedmgiy  «atistactDry  and  complete  melulmg  special  conMdera 
tion  of  the  more  frequently  occurring  and  striking  local  manifestations 
common  to  more  than  one  lisease    such  aa  cedemas    e\anth  mata    etc 

Ph>s!cal  diagno&ib  is  clearh  explained  and  somt  of  it  phenomena 
mterestingh  illustrated  by  diagrams  which  arc  intelligible  Blood  f  re 
sure  and  the  pulse  including  lenou  pul  ition  arc  gutn  with  a  cleirness 
which  can  onl>  be  obtained  by  one  thoroughlj  familiar  with  the  subject 
and  in  a  manner  so  attractnt  as  to  stimulate  one  to  more  careful  oh  er 
\ation  m  these  subjects 

Stomach  lisorders  have  probably  received  the  author  is  clo  est  attention 
for  manj  vear  and  the  ection  <:f  his  look  dealing  with  this  subject  is 
an  interesting  and  lery  compl  te  etaten  ent  of  the  known  facts  bearing 
upon  the  diagnosis  cf  those  comj-let  disea  es 

There  are  a  few  triticisma  upon  the  book  some  of  which  ma)  be  men 
tioned  The  arrangement  of  the  subject  matter  is  apparently  without 
a  well  defined  sjstem  and  is  somewhat  confusing  to  the  American  stu 
dent  trypanosomiasis  is  not  mentimed  and  clinical  bacteriologj  is  placed 
here  and  there  in  the  book  and  is  not  considered  with  the  fullness  its 
importance  deserves  in  a  work  of  such  magnitude. 

The  book  may  be  highly  recommended. 

W.  E.  M. 


Ibe  Practltl  H  d      1  Si  t         ry      An  lUn  t    t  d  di  tl  nary  of  medicine 

and  alli  d  bj  t  i  1  ding-  all  th  w  d  and  ph  a  generally  used 
in  medi  in  w  th  tb  1  p  p  p  nnn  iat  n  d  1  ati  n  and  deflnitlon. 
Based  on  nt  m  di     1   lit      tn         B  g     M  td    A.   M.,   M.   D. 

Illustrated.  Flexible  leather.  Pp..  xvi  +  1043.  Price,  $5.00  net.  Philadel- 
phia;  P.  BIftkiaton's  Son  &  Co.,   1«07, 

We  have  put  this  book  to  a  practical  test  and  have  found  it  admirably 
to  fulfill  the  object  for  which  it  was  designed.  The  practitioner  who 
desires  to  be  abreast  of  tlTe  times  can  not  afford  to  ignore  the  beauty 
and  advantages  of  this  new  work.  The  specialist  will  find  it  not  only 
an  indispensable  aid,  but  he  will  rarely  need  to  look  further  than  its  pages 
for  anything  that  can  reasonably  be  expected  of  a  medical  dictionary. 
No  pains  have  been  spared  by  author  or  publisher  to  make  of  it  a  conven- 
ient, reliable  and  complete  working  guide  to  the  spelling,  pronunciation, 
derivation  and  definition  of  all  the  words  and  phrases  generally  used  In 
medicine.  Where  illustrations  could  be  added  with  advantage  they  have 
been  inserted  with  due  regard  to  econoiny  of  space.  All  new  words  of 
importance  have  been  added  while  retaining  all  old  ones,  except  those 
which  have  deservedly  fallen  into  disuse.     Due  recognition  has  been  given 
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the  metric  system  and  the  additions  and  ehangee  of  the  new  United  States 
Pharmacopceia  have  been  ipcluded.  The  volume  contains  1,043  octavo 
pages,  is  printed,  on  thin  paper  of  fine  quality  and. will  be  sure  to  please 
and  help  the  student,  physician  or  specialist.  : 

E.  C.  S. 


The  Phygidau's  Visiting  LUt  (Lindsay  &  Blakiston's)  for  1907     Fifty  sixth 
year.     Limp  ienther      Price   $1 00      Philadelphia     P    Blaltiaton  s  &  Co 

This  well-known  record  i^bteni  mamtams  the  excellence  of  previous 
editions.  The  arrangement  of  subject-matter  is  verj  simple,  compact 
and  complete.  The  information  given  is  limited  to  essentials  given  in 
a. brief  but  satisfactorv  manner  The  Visiting  List  raav  be  recommended 
as  a  time  saver  if  indeed  it  is  not  a  necessity. 

. .     ,      W.  E.  M. 


Betinoscopy  (or  Shadow  Test)  in  th«  Determination  of  Kefraetlon  at  one  Meter 
Distance,  with  the  Plane  Mirror.  By  James  Thorington,  A.  M.,  M.  D.  Fiftt 
edition,  revised.  Fifty-four  illuatvations,  ten  o|  which  are  colored.  Cloth. 
Pp.,  XIV +  67,  Price,  $1.00  net.  Philadelphia:  P.  Blakiaton's  Son  t  Co., 
11)06, 

A  clear,  concise,  condensation  of  the  best  that  is  known  of  the  subject. 
.  The  author  has  shown  that  the  subject,,  which  is  looked  upon  as  compli- 
iated  hv  many,  is  indeed  a  simple  matter  which  any  physician  can  under- 
stand, and  by  following  the  instructions  learn  the  practical  technique  of 
making  objective  refractions.  As  the  writer  of  this  review  has  been  re- 
facting.  objectively  for  the  past  number  of  years  with  more  than  moderate 
success  without  having  seen  a  practical  demonstration  and  having  had  no 
instruction  m  the  method  other  than  by  following  Thorington's  method, 
he  feels  that  his  own  experience  justifies  the  extolling  of  the  art  with 
which  the  subject  is  presented 

The  paisuig  over  svith  but  te\\  remarks,  of  the  use  of  the  concave 
mirror  is  to  be  commended,  as  the  treating  of  it  fully  in  a  book  of  this 
kind  tends  to  confu'se  the  student  ,    . 

A  tv  pographical  error  is  found  on  page  40,  which  is  liable  to  cause 
considerable  confusion  to  the  beginner,  especially  to  one  who  is  not 
accustomed  to  handle  the  plus  and  minus  signs. 

The  manner  destnbed  of  working  out  the  refraction  of  an  eye  when 
the  sci-^sors  movement  is  found  is  verv  simple  and  most. satisfactory. 

The  axonometer  does  not  appeal  to  the  writer,  because  when  accessories 
are  used,  th^  entire  number,, including  an  accurate  device  for  ascertaining 
the  axis  of  the  astigmatism  is  found  in  the  .Geneva  Combined  Opthal- 
raosc^pe  and  Eetinoscope,  which  is  much  easier  of  manipulation  than  the 
different  accessories  separately.  ... 

...  J.  T,.  S. 
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The  Ihnotlce  of  -ObatetTlci,  JStmignei  (or  tH«  Vbc  of  Stndenti  ahA  tnctilitniaTs  of 
Mediolne.  By  J.  Clifton  Edgar.  With  1,279  illustrations,  including  five 
colored  plates  and  38  figures  printed  in  colors.  Third  edition,  revised. 
Cloth.  Pp.,  1071.  Price,  $6.00.  Philadelphia:  P.  Blakiston's  Son  &  Co., 
1007. 

If  the  measure  of  success  of  ao  individual's  work  be  attainirient  of  aim, 
we  may  congratulate  the  author  of  this  book,  who  expresses  the  desire  "to 
ptesent  the  subject  of  midwifery  from  a  praeticsl  and  clinical  standpoint, 
so  that  it  will  beat  facilitate  the  requirements  of  the  student  of  medicine, 
and  of  the  aoti'Ve'obstetl'ieian." 

The  book  is  divided  into  ten  parts,  and  'each  part  carefully  and  fully 
subdivided  for  convenience  of  reference,  which  is  certainly  obtained. 

The  sections  on  Hygiene  of  the  S^ual  Function,  Hygiene  of  Pregnancy 
and  the  Hygiene  of  the  Newly  Born  are  full  of  good  suggestions.  In 
the  section  on  physiological  pregnancy,  much  space  is  given  to  the  "Ex- 
amination of  Pregnancy"  and  the  possibilities  of  Rosntgen-ray  pelvimetry 
hinted  at.  The  section  on  pathological  pregnancy  is  important,  contain- 
ing lengthy  discussions  ob  all  possible  anomalies  and  diseases  of  the 
membranes,  placenta  and  cord,  while  unusual  length  of  description  is 
given  to  deformities  and  monstrosities  of  the  ftetus. 

In  antenatal  diseases  of  the  foetus,  the  author  regards  variola,  cholera, 
typhoid  fever  and  syphilis  as  being  most  uniformly  harmful  to  fcetal  life. 


f  th    blood  anl    f  m  t 
d  -«.  ' 
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possible  fo  n    to  g    aatra      fte    1      ng  re  3  the*    haptero 

Dystocia  is  discussed  from  ever)  possible  standpoint,  even  to  the  adop- 
tion of  an  "anti-dystocia  diet"  according  to  Prochownik'a  scheme. 

The  section  on  the  phyaiolc^esl  puerperium  is  particularly  useful  in 
its  clear  statements 'of  good  management 'thro^h 'the  period- 
Morbidity  in  th«  pnerperium  is  careful  analyzed  and  clasBified.  The 
author  does  not  seem  to  favor  the  use  of  antistreptoooocic  serum,  either 
as  a  preventive  or  as  a  curative  agent  in  the  treatment  of  puerperal 
infection. 

The  section  on  the  "Newly-Born"  -is  very  complete  And  -lucid. 

The  final  section  on  "Obstetric  Surgery"  includes  an'iateresting  study 
on  "Posture  in'ObstetriCsand  its  Telation  to  increase  or  decredse  of  pelvic 
diameters,  also  valuable  hint-s  as  to  corrections  of  faulty  posit  ioas,  the 
-ueeof  the  forceps,  Cwsarian  section,  etc." 
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The  size  and  weight  of  the  book  are  against  it,  and  there  are  many 
repetitions,  perhaps  tinavoidahle  according  to  its  plan,  but  the  evidences 
of  years  of  rich  clinical  experience  and  diligent  research,  combined  with 
the  art  of  the  teacher  in  presenting  a  subject  clearly  and  fnlly,  overcome 
any  slight  objections. 

The  type  is  good,  the  illustrations  clear  and  profuse,  while  the  table  of 
contents  and  index  are  all  that  can  be  desired  in  their  line. 

E.  J.  P. 


Hosted  by 


Google 


Hosted  by 


Google 


THE  PHILIPPINE 

Journal  of  Science 

B.  Medical  Sciences 


Vol.  II  OCTOBER,   1907 


SOME  REMARKS  CONCERNING  KUBISAGARI  OR 
VERTIGE  PARALYSANT.' 


By  KiNNoauKB  Miuea. 
internal  medicine  in  the  Imperial  Japanese  University  af  Tokyo.)    . 


An  interesting  disease  has  prevailed  for  a  considerable  period  of  time 
among  the  working  peasant  class  of  Japan  in  the  Northern  Provinces 
especially  in  the  neighborhood  of  Homori  and  Iwateken  The  principal 
symptoms  consist  m  a  dimness  of  vsicn  ptoiis  diplopia  liffitultv  in 
speech  in  deglutition  and  in  mastication  le  well  as  weakness  in  the 
muscles  of  the  lack  of  the  neck  and  of  the  extremities  At  a  later  time 
the  investigations  of  m^  a=iSiBtant  Takemura  demonstrated  that  this  same 
disease  occurs  m  some  villages  of  Tokushimaken  on  the  Island  of  Shikoku 
but  m  a  kse  pronounced  tomi  Mv  in\ estif,ationa  in  the  regions  men 
tioned  above  undertaken  in  the  years  1894  and  1895  demonstrated  the 
affection  to  be  identical  with  endemic  parahtir  vertigo  observed  b\ 
(jcrliPT  in  Ferne>  Switzerland  So  far  as  is  known  to  me  no  similar 
reports  have  come  from  other  parts  of  the  world  and  therefore  I  have 
called  lour  attention  to  this  disease 

Fndemic  paralytic  vertigo  (or  kuhisagari)  haa  if  T  can  compare  it 
with  a  iiseaie  known  to  you  a  great  flimilarit\  to  myasthenia  gravis  with 
this  difference  that  our  disea'ie  appears  more  generally  m  the  summer 
time  m  restricted  neighborhoods  where  it  is  endeniit  and  epidemic  an! 
that  the  paresis  appears  simultaneously  in  various  muscular  regions 
The  svmptonis  are  as  follows 

1  Fye  symptoms  namely  pto**!*  dimncbs  of  iision  diplopia  hyper 
lemia  of  the  papilla  and  its  surroundings 

Z  Motor  disturbances  of  the  tongue  and  lips  and  interference  with 
mastication   more  seldom  with  deglutition 

3.  Paresis  of  the  muscles  of  the  back  of  the  neck  and  gluteal  region. 

'  Read  at  the  Fourth  Annutil  Meeting  of  the  Philippine  Islands  Medical  Aiwjoia- 
tion,  Manila. 
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4.  Paresis  of  the  muscles  of  the  extremities. 

According  to  Gerlier  there  may  also  be  added  neuralgic  radiating  pains 
to  the  back  of  the  neck,  back  and  to  the  periphery  (such  as  forehead, 
shoulder  and  arms) ;  more  seldom  an  increase  of  the  secretions  of  the 
nose,  tear  ducts  and  salivary  glands  is  observed.  Cramps,  amesthesia, 
hypeHesthesia,  and  disturbances  of  the  organs  of  sense,  or  of  the  bladder 
and  large  intestine  are  always  lacking. 

To  begin  with,  the  symptoms  observed  in  the  eyes,  obseureness  of  vision 
and  ptosis,  are  the  most  important.  The  first  of  these  begins  with  a 
blurring  of  the  contours  of  objecte  which  are  observed ;  the  patients  state 
that  thej  see  everithmg  as  if  it  were  surroindtd  by  a  fog  Somt  remark 
that  thev  see  near  obiects  indistmctlv  with  others  it  is  the  reverse  still 
ether?  lia\L  impaired  Msion  both  for  near  and  far  obiect^  In  addition 
to  the  dimness  of  mb  on  ptosis  is  a  frequent  symptom  and  one  which  is 
more  easily  shown  m  an  obiectue  manner  This  can  exist  in  a  sli^t 
degree  (.\en  at  timpa  when  the  pititnt  is  oth  rwisL  apparently  free  fiom 
the  disease  It  appears  m  difFeient  degrees  it  mav  be  so  slight  that  it 
onli  gives  the  patient  a  sleep\  ippearance  ii  it  ma>  bp  so  pronounced 
that  only  a  hair  likt  slit  is  seen  between  the  Ills  Jt  is  brjught  about 
by  a  paresis  ot  the  legator  miBcIes  of  the  upper  h\  in  I  is  generally 
bilateral  Diplopia  is  less  trequent  and  aLCorlmg  tc  nn  cbservation  s 
caused  b\  a  paresis  of  the  le  tus  internns  muscle  Gerlier  m  ad  lition 
mentions  photophobia  photopsia  an!  disturbances  in  the  folor  sense 
Eperon  feulzer  and  I  demonstrated  hyperTmia  of  the  papilla  the  optic 
nerves  and  their  surroundmgs  during  the  attack 

Disturbances  of  speech  ot  the  movements  of  mastication  ind  de^lu 
titim  are  onli  seen  m  ae^eie  cases  During  lengthy  ecn\ersation  the 
speech  gralualh  becomes  Ji  ire  and  more  mdittinct  anl  difficult  to 
understand  because  of  increasing  weakness  of  the  tcnguje  and  lips  The 
muscles  participatmg  m  masticatmn  anl  deglutition  at  the  same  time 
lose  their  normal  strength  sa  that  the  pitient  soon  is  unable  stronglj 
to  bite  on  a  finger  thrubt  into  his  mouth  anl  finallj  he  is  unable  eien 
to  Bwalltw  water  It  is  therefore  not  a  nre  occurrence  that  a  person 
suffering  from  lubnagan  loses  all  his  food  from  his  mouth  during  a 
meal   instead  of  swallowing  it 

The  pares>is  of  the  muscles  of  the  back  of  the  neck,  back  and  extremities 
is  observed  most  frequently  when  the  peasants  are  working  in  swampy 
rice  fields  bent  over  their  work,  as  occurs  in  planting  rice  and  in  weeding. 
Under  these  circumstances  they  first  observe  pressure  and  heaviness  in 
the  back  of  the  neck,  the  head  sinks  forward  and  can  only  be  "raised  with 
difficulty,  so  that  in  these  cases  a  bandage  is  tied  over  the  forehead  and 
fastened  by  a  string  to  the  belt,  in  order  to  allow  tlie  sick  one  to  work. 
The  paresis  of  the  muscles  of  the  loins  is  manifested  by  the  fact  that  the 
sufferer  finds  difficulty  in  raising  himself  to  an  erect  posture  after  bending 
forward,  and  he  must  support  himself  by  this  hands  on  his  thighs  or  hips; 
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he  also  complains  of  weakness  in  the  body.  Paresis  of  the  extremities 
is  manifested  h\  dropping  objects  from  tht  liands  or  the  patient  moves 
painfully  with  a  cane  or  along  i  wall  or  imilar  support.  As  the  ptosis 
and  dimness  of  iiiion  is  m  these  cases  generally  intense,  the  patients 
are  usually  compelled  to  I  cep  quiet  and  await  the  passing  away  of 
the  attack.  All  tie  mttor  disturlances  first  appear  in  muscles  which 
are  exerted,  especially  m  cases  of  repeated  identical  movements,  as  for 
example,  during  mowmg  with  a  scythe  pumping  marching,  chewing, 
writing,  etc. 

The  symptoms  given  above  do  not  appear  simultaneously  nor  with  equal 
intensity  in  all  cases,  but  one  more  generally  finds  them  together  in  severe 
attacks;  in  the  lighter  ones  there  is  either  only  ptosis  with  dimness  of 
vision,  or  in  addition  only  weakness  of  the  muscles  of  the  back  of  the  neck. 

The  length  of  the  attack  is  generally  short,  it  rarely  exceeds  ten  or 
fifteen  minutes,  but  it  reappears  readily  as  soon  as  the  customary  work 
is  continued. 

The  patients  are  well  in  the  intervals  between  the  paroxysms.  They 
are  neither  anEemic  nor  nervous ;  the  liver,  spleen  and  other  organs  show  no 
abnormalities,  the  blood  contains  no  parasites  either  during  the  attacks 
or  in  the  interval,  the  corpuscular  elements  are  also  not  materially  altered. 
Only  patients  who  have  suffered  from  repeated,,  severe  attacks  are  left 
with  a  certain  degree  of  ptosis  and  weakness  of  the  muscles  of  the  back 
of  the  neck,  trembling  of  the  hands,  uncertainty  of  gait  and  speech 
(Gerlier)   as  well  as  increased  reflexes. 

Causative  factors  of  the  attacks  are  bodily  exertion,  notably  labor  in  a 
stooping  position,  and  repeated,  uniform  motions,  especially  on  an  empty 
stomach  or  after  the  ingestion  of  food  difficult  of  digestion.  Writing, 
reading,  steady  attention,  mixing  with  crowds  of  persons  and  similar 
circumstances  also  act  in  a  similar  manner.  On  the  other  hand,  the 
attacks  are  diminished  or  stopped  by  rest  and  change  of  location.  This 
fact  renders  the  study  of  the  disease  in  hospitals  almost  impossible. 

In  regard  to  differential  diagnosis,  in  the  first  place  myasthenic  para- 
lysis must  be  .taken  into  consideration  as  in  this  disease  also,  generally 
by  repeated  movements,  the  muscular  strength  gradually  diminishes. 
On  the  other  hand,  in  kubisagari  there  is  sometimes  a  weak  indication 
of  the  myasthenic  reaction,  but  kubisagari  is  distinguished  from  the 
above-named  disease  by  its  endemic-epidemic  character  as  well  as  by 
its  sudden  appearance,  by  the  dimness  of  vision  and  by  the  rapid  and 
more  general  extent  of  muscular  weakness,  etc.  It  is  scarcely  necessary 
here  to  enter  upon  a  more  exact  discussion  of  the  differential  diagnosis 
between  the  disease  and  neurasthenia  (ordinary  paroxysmal  lameness.) 

The  etiology  of  this  peculiar  disease  is  obscure.  The  superstitious 
peasants  in  Japan  have  thought  of  a  supernatural  influence  of  the 
wandering  spirits  of  the  dead  who  have  found  no  resting  place. 
The   Swiss   peasants    believed    in    witchcraft.     Ladame   contends   that 
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the  epidemic  spreading  of  the  infection  may  be  attributed  to  obscure 
psychic  influences.  David  suggested  adulterated  alcoliolic  beverages,  or 
a  poisoning  by  bread  or  lentils.  Other  physicians  in  Japan  and  in 
Europe  believe  that  latent  malaria  is  the  cause,  but  the  clinical  picture 
and  the  blood  examination  are  against  this  view.  Gerlier  was  the  first 
who  emphasized  the  close  connection  between  this  disease  and  those  who 
work  in  horse's  and  cow's  stables.  After  he  had  excluded  the  possible 
etiologie  factors,  one  by  one,  he  emphasized  that  it  appears  most  frequently 
in  peasants,  day  laborers,  or  persona  who  are  occupied  with  the  care  of 
cows  and  horses,  whereas  landowners  and  women  are  free  from  endemic 
paralytic  vertigo.  Kubisagari  also  is  general  in  those  regions  of  Japan 
where  a  portion  of  the  dwelling  is  used  as  a  stable  for  horses  or  cows  and 
when  there  is  no  idea  of  cleanliness.  If  we  compare  the  region  in 
Switzerland,  where  endemic  paralytic  vertigo  is  frequently  encountered, 
with  Aomori  and  Iwate,  where  kubisagari  is  endemic,  we  observe  great 
differences  in  the  geological  structure  of  the  region  and  the  food  of  the 
peasants.  Only  one  point  is  in  common — in  Switzerland  the  custom  of 
sleeping  in  the  stable  and  in  Japan  the  imperfect  separation  of  stable  and 
dwelling. 

Gtcrlier  maintains  "dans  le  bassin  de  L^an,  il  est  d'usage  qu'on  couehe 
a  I'etable,  ce  qui  n'est  pas  admis  dans  les  cantons  de  Berne  et  de  Tribourg 
ou  la  maladie  est  inconnue  "  With  us  in  Japan  the  region  of  Aomori 
and  Iwate  i.'i  the  territory  where  agriculture  and  the  raising  of  cattle 
take  place  side  by  side,  so  that  m  each  peasant's  cottage,  horses  or  cattle 
are  maintained  and  cajed  for  more  carefully  than  the  children.  The 
inhabitants  of  this  region  generally  have  the  bam  so  arranged  that  a 
part  is  used  as  a  stable,  and  only  an  incomplete  partition  exists  between 
the  two  spaces,  so  that  not  only  the  air  but  also  insects  have  free  access 
to  all  parts.  The  structure  of  the  houses  is  planned  for  the  winter 
months.  The  stable,  however,  is  the  place  where  throughout  the  year, 
processes  of  decomposition  are  going  on  and  where  there  is  a  certain 
degree  of  heat  in  conjunction  with  imperfect  lighting,  a  true  incubator 
of  micro-organisms,  for  the  manure  is  only  cleaned  out  twice  a  year. 

At  this  point  our  knowledge  ends.  Is  the  etiologie  factor  an  animal 
or  a  vegetable  micro-paraeite  ?  Is  the  disease  transferred  by  air.  food, 
insects  or  domestic  animals  ?  The  answer  to  these  questions  must  be 
left  to  the  future.  Horses  and  cattle  seem  to  resist  this  disease,  but  cats 
and  chickens  have  been  observed  to  be  attacked  by  it,  but  much  more 
rarely  than  human  beings. 

Prophylactic  measures  are  the  removal  from  the  neighborhood  of  horse's 
or  cow's  stables  and  the  avoidance  of  such  places  for  the  midday  or  night 
sleep.  No  great  hope  can  be  entertained  from  the  use  of  medicaments, 
the  best  results  are  obtained  from  a  combination  of  potassium  iodide 
and  arsenic.  So  far  as  is  now  known,  no  deaths  have  resulted  from  this 
disease,  although  it  runs  a  course  with  bulbar  appearances. 
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THE  INVESTIGATIONS  CARRIED  ON  BY  THE   BIOLOGICAL 

LABORATORY  IN  RELATION  TO  THE  SUPPRESSION 

OF  THE  RECENT  CHOLERA   OUTBREAK 

IN  MANILA. 


By  KicnARD  P,  Strong. 
{From  the  Biological  Laboratory,  Bureau  of  Science,  Manila,  P.  1.) 


The  epidemic  of  Asiatic  cholera  which  has  recently  passed  through  these 
Islands  arid  has  now  subsided,  occasions  me  at  this  time  briefly  to  sum- 
marize the  work  of  this  laboratory  in  connection  with  the  suppression  of 
the  outbreak.  In  all,  there  were  7,085  cases  of  cholera  with  5,343  deaths 
reported  by  the  Bureau  of  Health  for  the  Philippine  Islands.  Dr.  Victor 
G.  Heiser,'  Director  of  Health,  in  an  admirable  article,  has  recently 
(iiscussed  the  origin  and  history  of  the  outbreak  and  the  general  hygienic 
measures  employed  in  combating  the  disease.  My  remarks  will  be  limited 
to  the  laboratory  measures  carried  on  in  connection  with  the  epidemic. 

The  first  case  of  cholera  discovered  in  the  outbreak  occurred  in  Bilibid 
Prison  on  August  S3,  1905.  An  autopsy  was  performed  and  a  bacterio- 
logical diagnosis  of  cholera  was  reported  sixteen  hours  later  to  the  Bureau 
of  Health.  The  Philippine  Islands  had  supposedly  been  entirely  free 
from  cholera  for  the  preceding  seventeen  months.  Following  the  labor- 
atory diagnosis  of  the  first  case,  others  suspicious  of  this  disease  were 
discovered  by  the  representatives  of  the  Bureau  of  Health,  and  within 
the  next  few  weeks  a  positive  bacteriologic  diagnosis  of  cholera  had 
been  rendered  by  the  laboratory  in  over  one  hundred  instances.  Soon 
after  the  report  of  the  first  case  was  made  public,  numerous  specimens 
of  the  fieces  of  other  patients  suspected  of  having  cholera  were  sent  to 
the  laboratory  for  bacteriological  study  and  throughout  the  course  of  the 
epidemic  examinations  were  carried  on  by  members  of  the  laboratory  staff 
either  in  the  central  building  or  in  the  several  hospitals  where  the  sus- 
pected eases  had  been  brought.  An  assistant  of  this  laboratory  was  also 
stationed  at  the  cholera  hospital  and  was  prepared  at  any  hour  of  the  day 
or  night  to  undertake  the  bacteriological  diagnosis  of  the  cases  admitted. 
The  cholera  spirillum  was  found  present  in  413  of  582  specimens  of 
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fffices  examined,  and  in  304  autopsies  performed  by  members  of  the  labor- 
atory staff  on  eases  supposed  to  have  died  of  cholera,  the  diagnosis  of  this 
disease  was  confirmed  in  360;  139  speelmene  of  drinking  water,  collected 
from  reservoirs,  wells  and  other  sources  of  supply  were  also  sent  to  be 
examined  for  infection  with  the  cholera  spirillum,  but  from  only  3  of 
these  was  this  organism  isolated. 

METHODS    EMPLOYED   IN    THE   BACTEEIOLOGIO   DIAGNOSIS. 

Several  methods  were  employed  in  performing  the  baeteriologic 
diagnosis  from  the  fKces,  an  attempt  being  made  in  each  instance  to 
secure  as  prompt  a  result  as  possible.  All  methods  which  were  not  based 
upon  the  isolation  of  a  pure  culture  of  the  cholera  organism  to  be 
employed  in  the  subsequent  tests  proved  at  times  to  be  untrustworthy. 
The  one  which  was  demLODstrat«d  to  be  perfectly  reliable  in  practically 
all  acute  cases  and  by  means  of  which,  in  addition,  a  definite  diagnosis 
could  usually  be  reached  within  six  to  eight  hours  and  almost  invariably 
in  from  sixteen  to  eighteen  hours,  was  as  follows:  Numerous  alkaline 
agar  plate  cultures  were  prepared  directly  from  the  cholera  stools,  some 
being  inoculated  with  large  and  others  with  small  portions  of  the  fiecea, 
various  dilutions  being  prepared ;  the  cultures  were  plai:ed  at  37°  C.  and 
as  soon  as  the  colopies  became  sufficiently  developed,  those  which  re- 
sembled colonies  of  the  cholera  spirillum  were  suspended  in  saline  solu- 
tion. Agglutinative  and  bacteriolytic  teats  by  the  microscopic  method 
were  then  performed  with  them  and  a  standard  fresh  cholera  serum  in 
proper  dilutions.  The  morphology  and  motility  of  the  organism  were 
also  noted.  Frequently,  after  twelve  to  sixteen  hours  from  the  time 
of  the  inoculation  of  the  plates,  sufficient  growth  was  obtained  in  addi- 
tion to  carry  out  the  Pfeiffer  bacteriolytic  test  with  the  same  cholera 
serum,  in  the  abdominal  cavity  of  a  guinea  pig.  This  method  frequently, 
although  not  invariably,  proved  to  be  the  quickest  means  by  which  a 
diagnosis  could  be  made,  and  the  preparation  of  the  plate  cultures 
from  the  suspected  fsecal  material  soon  became  a  routine  one  in  the 
laboratory.  In  case  a  positive  diagnosis  was  reached  by  methods  re- 
quiring a  briefer  period  of  time,  tlie  subsequent  agglutinative  and 
bacteriolytic  tesls  by  the  first  described  method  were  not  always  per- 
formed, but  if  a  negative  result  was  obtained  by  the  briefer  procedures, 
then  these  tests  were  carried  out  and  they  sometimes  finally  resulted  in 
establishing  a  diagnosis  of  cholera. 

Another  method  which  frequently  could  be  relied  upon  for  diagnosis 
in  case  of  a  positive  result,  consisted  in  mating  the  inoculations  from 
the  stool  directly  into  tubes  of  3  per  cent  peptone  solution  and  of  the 
performance  of  the  agglutinative  test  by  the  microscopic  method  with 
drops  of  this  medium  taken  from  the  surface  and  added  to  a  cholera 
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immune  serum.  This  test,  together  with  the  examinatioH  of  the  mor- 
phology and  motility  of  the  organism,  was  performed  five  or  six  houra 
after  the  inoculation  of  the  cultures  and  in  case  a  negative  result  was 
obtained,  was  repeated  after  from  sixteen  to  twenty-four  hours.  Only 
when  positive  reactions  are  encountered  by  this  method  can  the  diagaoais 
be  considered  to  be  conclusive.  In  ease  of  a  negative  result,  a  study  of 
the  plate  cultures  which  should  previously  have  been  prepared  should 
be  resorted  to.  In  some  cases  in  which  no  agglutination  of  the  organ- 
isms which  has  been  cultivated  in  this  way  by  the  enriching  process 
resulted,  cholera  spirilla  were  later  isolated  and  identified  by  means  of 
plate  cultures.  The  success  of  the  peptone  solution  method  in  securing 
a  positive  diagnosis  obviously  depends  chiefly  upon  the  number  of  cho- 
lera spirilla  which  exist  in  the  stool. 

A  number  of  experiments  in  diagnosis  were  also  carried  on  according 
to  the  method  advised  by  Dunbar  ^  and  by  means  of  which  an  immediate 
diagnosis  of  cholera  may  occasionally  be  made  from  the  fseces.  However, 
it  is  worth  while  to  undertake  this  method  only  with  specimens  of 
excreta  in  which  numerous  organisms  with  more  or  less  typical  morphol- 
ogy of  the  cholera  spirillum  are  present.  In  stools  of  this  nature  the 
reaction  should  always  be  attempted  because  of  the  immediate  results 
which  may  sometimes  be  obtained.  Care  must  be  taken  to  distinguish 
pseudo-reactions,  and  only  those  eases  should  be  considered  as  conclu- 
sive in  which  the  agglutination  is  distinct  and  well  marked.  The  r&- 
action  frequently  failed  in  instances  of  undoubted  cholera  from  which 
pure  cultures  of  the  cholera  spirillum  were  later  isolated  and  identified. 
The  so-called  cholera-red  reaction,  performed  with  peptone  cultures  and 
with  nitrite  free  sulphuric  acid,  could  only  be  considered  in  determining 
the  diagnosis  when  a  positive  result  was  obtained,  and  even  then  the 
reaction  could  only  be  regarded  as  confirmatory  from  a  bacterlologie 
standpoint.  A  single  negative  reaction,  even  though  a  satisfactory 
peptone  media  had  been  employed,  eonld  not  be  looked  upon  aa  an 
important  argument  against  a  positive  diagnosis  of  the  cholera  organism, 
since  different  strains  were  found  to  vary  in  this  respect.  Obviously, 
the  cholera-red  reaction,  unless  performed  with  pure  cultures  of  the 
spirillum,  is  entirely  untrustworthy  and  the  results  can  not  be  depended 
upon  even  as  an  aid  in  diagnosis, 

Ko  experiments  were  performed  with  the  specimens  sent  for  diag- 
nosis, with  the  object  of  differentiating  by  means  of  the  blood-agar  of 
Prausnitz'  the  cholera  spirillum  from  other  cholera-like  vibrous  in 
the  stools,  the  agglutinative  and  bacteriolytic  tests  having  by  practical 
experience  proved  to  be  satisfactory  for  clinical  diagnostic  purposes, 
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liotwithBtanding  the  esperiments  of  Kraus.  The  bMteriologic  diagnosis 
in  cases  of  cholera  in  the  late  stages  of  the  disease  was  sometimea  very 
difficult,  and  a  careful  study  of  the  ffeces  by  plate  cultures,  prepared 
both  directly  from  the  stool  and  from  the  surface  of  peptone  solution 
cultures  previously  inoculated  with  large  amounts  (several  cubic  centi- 
meters) of  the  stool,  is  sometimes  necessary  in  such  eases  before  the 
organism  is  isolated.  Frequently,  an  examination  of  the  agglutinative 
and  bactericidal  reaction  of  the  blood  serum  of  the  patient  in  these 
subacute  cases  will  render  fuitter  assistance  in  reaching  a  diagnosis, 
particularly  if  the  reactions  are  positive. 

PREPAR4TI0N  AND  PURNI8HIK0  OF  CHOLERA  IMMUNE  SEEA  FOR  DIAGNOSIS. 

In  addition  to  the  preparation  of  fresh  cholera  immune  sera  for  diag- 
nostic purposes  in  the  central  laboratory,  such  sera  were  also  prepared 
and  furnished  to  various  physicians  and  institutions  in  the  city  and 
in  certain  of  the  provinces  for  use  in  the  bacteriologic  diagnosis  of  the 
disease.  No  dried  cholera  serum  was  issued,  it  having  beeii  found 
practicable  and  more  desirable  to  furnish  a  fresh  serum  by  means  of 
which  not  only  an  agglutinative  test,  but  also  a  bacteriolytic  one  under 
the  microscope  according  to  the  method  of  Bordet  could  be  performed. 
It  was  found  that  a  single  intravenous  inoculation  of  a  rabbit  with  the 
immunizing  substances  extracted  from  about  60  to  10  milligrams  of  a 
virulent  cholera  organism  would  furni?Ji  a  serum  of  sufficient  value 
for  all  practical  purposes  in  diagnosis. '  The  animal  may  be  bled  to 
death  on  the  sixth  or  seventh  day  after  such  an  inoculation  and  the 
serum  separated.  Such  sera  almost  invariably  show  an  agglutinative 
value  of  from  1 :  1,000  to  1 ;"  3,000 ;  values  as  low  as  1 :  800  have  been 
obtained  only  in  exceptional  cases.  ^The  bactericidal  almost  invariably 
exceeds  the  agglutinative  value  of  the  serum  prepared  in  this  manner, 
the  different  sera  reacting  bactericidally  in  amounts  of  from  0.3  to  0.05 
miOigram. 

After  the  serum  had  been  standardized  it  was  sealed  in  test  tube.^ 
and  was  ready  for  delivery.  Fresh  serum  produced  by  this  method  wa^ 
kept  on  hand  throughout  the  epidemic. 

PROPHYLACTIC    INOCULATIONS. 

The  laboratory  in  addition  to  the  diagnostic  work  was  particularly 
occupied  in  the  preparation  and  standardization  of  cholera  prophylactic 
and  in  the  performance  of  the  protective  inoculations  against  the  disease 
in  certain  badly  infected  cholera  districts  in  Manila  and  the  provinces. 

The  prophylactic  prepared  and  employe<l  consisted  of  the  immuniz- 
ing substances  extracted  from  the  cholera  spirillum  and  suspended  in 
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saline  solution.'  The  method  of  its  preparation  has  been  deacribed 
in  detail  in  former  articles  from  this  laboratory.  It  will  be'  sufficient 
to  state  here  that  an  organism  known  to  possess  high  immnnizing  and 
peptonizing  powers  and  one  of  maximum  virulence  is  selected  and  grown 
upon  the  surface  of  large  t«et  tubes  containing  1  per  cent  alkaline  agar. 
Aft«r  twenty  hours,  the  growth  of  one-half  of  the  number  of  inoculated 
culture  tubes  is  suspended  in  0.85  per  cent  saline  solution,  1  cubic 
centimeter  being  employed  for  approximately  every  30  to  35  milligrams 
of  bacteria.  The  suspension  is  heated  for  one  hour  at  60°  C.  and  then 
placed  at  a  temperature  of  37°  for  from  three  to  four  days.  At  the  end  ■ 
of  this  time  its  sterility  .is  tested,  it  is  filtered  through  a  Berkefeld 
candle  and  the  filtrate  saved.  The  remaining  half  of  the  twenty-hour 
agar  cultures  is  suspended  in  sterile  distilled  wa.ter,  1  cubic  centimeter 
to  each  30  to  35  milligrams.  This  suspension  of  the  living  organisms 
is  then  placed  on  an  electrical  shaking  machine  and  throughly  shaken 
for  from  three  to  four  days.  At  the  end  of  this  time  cultures  are  taken 
to  ascertain  if  the  growth  is  pure  and  the  suspension  is  then  also  filtered 
through  a  Berkefeld  candle.  The  two  filtrates  are  subsequently  mixed 
in  equal  proportions  and  carbolic  acid  added  to  0.5  per  cent  The  pro- 
phylactic is  finally  bottled  in  glass  flasks,  the  smaller  ones  being  sealed 
in  the  flame.  Two  cubic  centimeters  of  this  mixture  represents  an  adult 
dose.  After  the  sterility  of  each  sample  of  the  vaccine  has  been  tested 
by  animal  inoculation  and  by  anaerobic  cultures,  it  is  standardized 
according  to  the  number  of  units  of  immunity  to  which  it  gives  rise 
after  inoculation ;  one  unit  of  immunity  equaling  the  amount  of  immune 
serum  which  will  protect  a  guinea  pig  of  350  grams  weight  against  the 
intraperitoneal  inoculation  of  ten  times  the  fatal  dose  of  living  cholera 
organisms.  If  1  cubic  centimeter  of  the  vaccine,  when  injected  intra- 
venously into  a  rabbit,  does  not  give  rise  to  at'  least  10,000  units  of 

'  The  process  by  means  of  which  this  prophjlactic  is  prepared  may  be  regarded 
as  the  out«ime  of  the  experimental  work  performed  by  Koch,  Neiaaer  and  Shiga, 
Waaaermann,  Brieger,  and  myself.  The  idea  of  using  the  immunizing  gubstances 
(free  receptors)  extracted  from  Baeillus  typkosua  and  Bacillus  dysenteriae  for 
producing  immune  sera  originated  in  Ehrlich's  laboratory  with  Neiaaer  and 
Shiga'  in  1903,  and  that  of  using  the  extracted  free  receptors  of  the  cholera 
Bpirillnm  for  prophylaxis  against  cholera  in  Wassermann's  laboratory  a  few 
months  later  (during  the  same  year)  where  I'  was  able  to  carry  on  the  flr-st 
extensive  and  conclusive  experiments  in  regard  to  its  value.  Later  Shiga ' 
advocated  and   used   the  methi"!   for  preparing  a   prophylactic  against   typhoid 

Brieger  and  Mayer"  called  attention  to  the  advantjige  of  extracting  the  soluble 
substances  of  the  organisms  by  shaking  in  distilled  water. 
'Deutsche  med.  Wohnach.   (1903),  4,  61. 
•Am.  Med,   (1903),  6,  272. 
' Berl.  klin.  Wchnach.   (1904),  4,  79. 
'Deutsche  Med.  Wchtisch.   (1S04),  30,  980. 
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immunity,  it  is  not  issued  for  human  inoculation.  No  method  of 
standardizing  the  small  amount  of  anti-endotoxin  which  the  prophylactic 
will  give  rise  to  in  animals  has  been  found  to  be  either  practicable  or 
of  value.  During  the  period  of  the  epidemic  the  prophylactic  was  man- 
ufactured and  used  in  large  quantities  and  a  sufficient  supply  was  kept 
on  hand  for  emergencies. 

EFFICIENCY  OF   THE   PEOPHYLACTIO. 

I  called  attention  to  the  fact  in  my  previous  publications  on  the 
subject  of  protective  inoculation  against  Asiatic  cholera,  that  animals 
conld  invariably  be  protected  against  a  subsequent  cholera  infection  with 
even  multiple  lethal  doses  of  the  organism  as  the  result  of  a  single 
inoculation  of  this  prophylactic,  in  doses  of  from  1  to  5  cubic  centi- 
meters: and  that  in  addition  agglutinative  and  bactericidal  substances 
became  developed  in  considerable  quantities  in  the  blood  sera  of  such 
animals.  However,  the  antitoxic  value  of  these  sera  was  only  moderate. 
It  was  also  demonstrated  that  the  antibodies  which  developed  in  the 
blood  of  individuals  after  inoculation  with  the  prophylactic  were  iden- 
tical with  those  which  were  encountered  in  patients  convalescent  from 
cholera,  and,  in  addition,  that  these  immunizing  substances  were  fre- 
quently present  in  greater  amounts  after  VELceination  than  aft«r  a  natural 
attach  of  the  disease.  Moreover,  it  was  shown  that  animals  which  con- 
tained these  same  antibodies  in  sniEcient  quantities  in  their  sera  were 
also  invariably  immune  to  cholera  infection,  the  amount  of  the  immime 
bodies  in  the  serum  being  proportional  to  the  degree  of  immunity  to 
infection  possessed  by  the  animal. 

From  a  single  intravenous  inoculation  of  rabbits  with  an  amount 
of  the  prophylactic  containing  the  receptors  extracted  from  3  oesen  of 
a  virulent  cholera  organism,  sera  were  obtained  which  showed  an  aggluti- 
native value  of  from  1 :  300  to  1 :  600,  and  a  bactericidal  one  of  from 
0.1  to  0.08  milligram,  while  from  a  similar  inoculation  of  the  receptors 
extracted  from  12  oesen  of  the  same  strain,  sera  resulted  showing  aggluti- 
native values  of  from  1 :  600  to  1 :  1,000  and  bactericidal  values  of 
0.08  to  0.04  milligram.  From  a  single  intravenous  inoculation  of  | 
oese  of  a  living  agar  culture  of  this  same  cholera  strain,  sera  were 
obtained  with  an  agglunative  value  from  1 :  400  to  1 :  800  and  a 
bactericidal  one  of  from  about  0.1  to  0.06  milligram. 

It  is  important  to  observe  that  0.5  oese  of  the  living  organism  gave 
rise  to  sera  of  almost  the  same  value  as  did  the  receptors  which  could 
be  extracted  from  S  oesen  of  the  bacteria,  but  that  the  receptors  extracted 
from  13  oesen  of  the  organism  furnished  sera  of  far  greater  value.  The 
best  antitoxic  serum  which  was  produced  following  a  single  intravenous 
inoculation  of  the  prophylactic  was  found  not  to  be  able  to  neutralize 
above  four  lethal  doses  of  the  cholera  endotoxin. 
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From  the  subcutaneous  inoculation  of  rabbits  with  5  cubic  centimeters 
of  this  prophylactic  containing  the  receptors  which  could  be  extracted 
from  40  oesen  of  the  same  strain,  sera  were  obtained  with  an  aggluti- 
native value  of  from  1 ;  500  to  1 :  600  and  a  bactericidal  one  in  from  0.14 
to  0.1  of  a  milligram.  Animals  have  been  found  to  retain  these  immune 
bodies  in  their  sera  for  as  long  a  period  as  one  year. 

A  brown  powder  was  obtained  by  evaporating  the  prophylactic  to  dry- 
ness in  a  vacuum.  This  was  placed  in  sealed  tubes  and  when  desired 
for  use  redissolved  in  saline  solution.  The  intravenous  inoculation  of 
rabbits  with  from  3  to  10  milligrams  of  this  redissolved  powder  furnished 
sera  of  an  agglunative  value  of  from  1 :  50  to  1 :  100  and  a  bactericidal 
one  of  from  3.5  to  0.35  milligram.  These  sera  were  obviously  of  much 
lower  value  than  were  those  which  resulted  from  the  inoculation  of  the 
prophylactic  before  evaporation. 

In  man  after  the  subcutaneous  injection  of  S  cubic  centimeters  of  the 
prophylactic,  sera  showing  agglutinative  values  of  from  1 :  40  to  1 :  600 
and  bactericidal  ones  of  from  1  to  0.35  milligram  were  obtained. 

The  advantages  which  this  prophylactic  seeme  to  possess  over  other 
forms  of  anti-cholera  inoculation  are : 

First,  there  is  practically  no  local  reaction  or  only  a  slight  one  after 
its  use,  the  irritating  oxidizing  substances  which  existed  in  the  bodies 
of  the  bacteria  and  which  have  nothing  to  do  with  the  immunizing 
substances,  having  been  removed. 

Second,  we  therefore  are  able  to  inject  an  amount  of  these  immunizing 
substances  which  is  from  fifteen  to  thirty  times  as  great  as  would  be 
practicable  if  either  the  living  or  killed  bacteria  were  inoculated.  Both 
Haffkine  and  Murata  in  their  extensive  inoculations  in  human  beings 
injected  from  3  to  4  milligrams  of  culture.  In  our  human  inoculations 
the  immunizing  substances  extracted  from  about  60  to  70  milligrams  of 
culture  are  inoculated,  hence  a  higher  immunity  is  obtained  by  this 
procedure. 

Third,  the  prophylactic  may  be  sealed  in  flasks  and  stored  ready  for 
use  and  it  preserves  its  immunizing  properties  for  at  least  a  year. 

The  great  disadvantage  which  the  method  possesses  is  that  each  step 
of  the  manufacture  of  the  prophylactic  must  be  carried  on  with  great 
care.  It  is  obvious  that  the  product  which  we  recommend  and  employ 
is  far  more  diifieult  to  prepare  than  is  either  a  simple  suspension  of  the 
killed  or  of  the  living  cholera  organism.  A  well-equipped  laboratory 
and  trained  assistants  are  necessary  for  its  manufacture.  However,  it 
is  equally  clear  that  a  higher  immunity  against  cholera  infection  can  be 
obtained  by  a  single  injection  of  this  prophylactic  than  by  single  inocula- 
tions of  either  the  killed  or  living  organisms.  The  reasons  for  this  have 
already  been  emphasized. 

Therefore,  it  has  been  shown  that  it  is  easy  to  produce  in  man  a 
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high  bactericidal  serum  by  tho  injection  of  the  prophylactic  just  described. 
However  the  question  -iriwB  whether  suth  a  herum  m  man  really  repre 
sents  an  immunity  against  the  disease  Asiatic  cholera — that  is  does  it 
protect  the  individual  against  mtestmal  nftxtion''  This  question  ap 
parent]^  revives  itbelf  chiefly  into  one  a*  to  whether  the  crganicma  which 
giie  rist  to  the  symptom's  if  the  di'<ea8e  actualh  cDme  nto  contact  with 
the  fluid's  of  the  bod\ 

All  articlPa  upon  the  pathologic  hii^tolog}  of  cholera  agree  that  the 
spinlla  are  found  m  the  superiieial  layers  of  epithelial  cells  of  the 
mucosa,  and  sometimes  in  large  numbers  penetrate  well  into  the  <<ub 
mucous  lining  E^itilmtion  ot  the  epithelium  is  almo'<t  a  constant 
occurrente  m  severt  infections  and  m  cises  of  Irnger  standing  the 
organisms  are  soraetiniee  encountered  m  large  numbers  at  the  bases 
of  ero'sions  or  ulcerations  which  ha^e  resulted  in  the  large  inte&tine 
In  addition  the  mucosa  is  usualh  distinctly  cedemitous  and  there  ob 
viously  «  no  doubt  but  that  the  bacteria  m  any  of  these  situations  would 
come  mto  contact  with  whatever  immun  zmg  substances  might  exist 
m  the  blood  serum  and  if  bactericidal  substances  were  pre^ient  m  suffi 
cient  strength  the  bacteria  would  be  destroved  However  wc  know  that 
very  large  numbers  of  the  iholera  spirilla  remain  m  the  lumen  of  the 
intestine  m  the  nce-water  libchargcs  and  do  not  invade  the  intestmal 
coats  M  e  do  not  know  whether  the  e  organisms  which  so  rema  n  m 
the  bowel  give  rise  to  the  symptoms  of  the  disease  since  satisfactory 
evidence  that  the  cholera  spirillum  produces  a  soluble  toxin  has  not  >et 
been  presentel  but  even  granting  for  the  moment  that  thev  do  then 
wlat  influence  t  anj  would  bactericidal  substancee  in  tbc  blood  scrum 
exert  upon  them^  We  are  aware  that  one  of  the  most  common  ani 
striking  findings  at  post  mortem  e\amin itions  m  4sutic  cholera  is  the 
so-called  rice-water  contents  of  tl  e  small  intestine  The  characteristics 
of  the  rice  water  stool  are  due  to  the  flakes  of  mucus  and  the  epithelial 
cells  which  appear  m  su'spension  in  the  liquid  contents  If  we  eiaminc 
these  floccules  of  mucus  bacteriologicall\  we  find  that  the  spirilla  art 
usually  most  abunlant  m  them  sometimes  m  almost  pure  culture 
However  this  mucus  is  largeh  a  secretion  of  the  epithelial  cells  ot 
the  intestine  although  it  is  usualh  also  mixed  with  a  certain  amount  f 
serum  and  such  a  secretion  will  probabh  possess  the  same  bactericidal 
substances  as  the  blood  lerum  itself  just  as  the  sweit  the  tears  and 
the  milk  of  immunised  individuals  contain  these  antibodies  In  led 
it  seems  ver>  probable  that  the  intestinal  epithelial  cells  which  give 
rise  to  the  mucus  are  perhaps  particularly  able  to  produce  these  immuniz 
mg  substances  since  there  is  probabh  a  special  aftmiti  or  combining 
power  between  these  cells  md  the  cholera  organisn  which  is  demon 
atrated  h\  the  production  of  toxic  substances  in  far  greater  imoimt  m 
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the  human  mte'^tine  than  the  mjeetinn  ot  these  hactena  into  the  circula- 
tion or  heneath  the  skin  either  of  man  or  animals  ever  gives  rise  to. 

Having  investigated  the  agglutinating  jiower  ->i  a  fresh  e\tract  obtained 
from  the  intestinal  epithelial  cells  of  tw  >  rahbiti  previously  inoculated 
mtraienoush  w  th  the  immunizing  substances  extracted  from  the  cholera 
organ  sm  by  autolysi''  and  having  found  tracer  of  a^lutinins  present 
in  tl  ese  extracts  it  occurred  to  me  that  it  would  be  advisahle  to  under- 
take the  imestigation  of  the  hactericidal  \alue  of  the  rue-water  stools 
obtained  from  cholera  ca-ses  and  ilso  to  examine  vihether  the  cells  of 
the  intestinal  mucosa  m  ribhits  immunized  with  our  cholera  prophylactic 
poRsesaed  an  increased  affinity  fw  .cholera  receptor*  It  was  also  of 
interest  to  discover  if  extriet'!  of  these  cells  from  the  inoculated  rabbits 
p>ssesHed  hactericidal  properties  This  studv  was  undertaken  by  Dr. 
Edwards  of  this  laboratorv  who  reported  his  results  at  the  Third  Annual 
Meeting  of  the  Phiiippine  Islands  Medical  A'ssociation  in  1906.  Owing 
to  the  difRcultiep.  encountered  in  the  technique  produced  by  decomposi- 
tion of  the  extracts  obtained  from  the  intestinal  cellb  admixture  with 
ither  hacter  a  etc  1  e  was  not  able  to  arrive  at  any  satisfactory  eonclu- 
siona  in  regard  to  tl  ese  questions 

It  hae  been  suppose!  that  when  cholera  organisms  are  injected 
intravenouslv  into  animals  the  immunising  substances  are  anchored  par- 
ticularh  to  the  cells  of  tie  spleen  the  bone  marrow  and  lymph  glands, 
since  it  waa  m  these  organs  according  to  the  investigations  of  Pfeiffer 
and  Mar\*  that  the  specific  protective  substances  seemed  particularly 
to  be  formed.  However,  Wassermann  and  Citron '"  demonstrated  that 
the  location  of  the  development  of  the  immunizing  substances  depends 
to  a  large  extent  upon  the  point  at  which  the  injections  of  the  corre- 
sponding bacterial  antigens  were  made,  Nevertheless,  the  combining 
power  of  intestinal  epithelial  cells  for  the  receptors  of  the  cholera 
spirillum  has  not  been  definitely  determined,"  although  as  has  been 
mentioned  it  seems  not  unlikely  that  in  the  human  intestinal  infection 
the  epithelial  cells  of  the  mucosa  may  possess  receptors  with  special 
combining  powers  for  the  corresponding  cholera  antigens  and  hence 

'Ztschr.  f.  Hyg.  u.  InfecUomkrankh.,  Leipz.  (1898),  27,  272. 

"■Ibid.   (1905),  53,  331. 

"  Brieger  and  his  aBBiatant  took  per  oe  repeatedly  from  5  t*  15  centimeters 
of  Brieger's  vaccine  (aqueous  extract  of  typhoid  bacilli)  but  no  development  of 
baeterioljBins  occurred  in  their  blood.*  This  experiment  throws  no  light  upon 
the  subject  since  perhaps,  the  bacterial  antigens  were  changed  or  destroyed  by 
the  gastric  and  intestinal  juices  before  their  immunizing  power  was  exerted  upon 
the  intestinal  cells. 

'Bischoff,  H.:  Das  TyphuB-Immunisierungaverfahren  naoh  Brieger.  Ztschr. 
f.  Hyg,  u.  Infectionskrankh.,  Leipz.   (1996),  54,  298. 
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give  rise  to  the  production  of  amboceptors  (immunizing  s 
excess,  which  may  pass  off  in  the  exudates  from  the  cells,  as  for  example 
in  the  intestinal  secretion  containing  mucus  and  serum.  However,  while 
it  is  interesting  to  review  this  evidence  that  the  organisms  in  the 
intestine  in  Asiatic  cholera  do,  indeed,  come  into  contact  with  the  serum 
and  tissues  of  the  host,  the  most  definite  proof  that  this  really  takes 
place  is  furnished  bj  the  fact  that  after  an  attack  of  the  disease,  both 
bactericidal  and  agglutinative  substances  are  produced  and  may  be 
demonstrated  in  the  blood  serum  of  the  individual.  It  therefore  seems 
to  be  proved  that  if  cholera  organisms  should  find  their  way  into  the 
intestine  of  one  whose  blood  serum  possessCh  a  high  bactericidal  power 
against  the  spirillum  the  individual  m  question  would  be  in  a  much  more 
favorable  condition  for  overcoming  the  infection  tir  indeed  of  throwing 
it  off  entireh   than  if  no  such  hactencidal  substances  were  present 

Haffkine's  extensive  statistics  demonstr^te  this  fact  canclusively  and 
show  the  value  of  protectne  noculati  m  against  this  di^ea^e  the  number 
of  cases  of  cholera  imon^  the  inocilated  being  only  about  one  tenth 
that  observed  in  the  unmocuHted  T  have  no  such  extensive  statistic 
to  offer  in  regard  to  the  uie  of  our  prophvlactic  since  we  have  pursue<l 
our  inoculations  dunng  the  past  vear  onh  m  those  districts  where 
it  was  thought  that  the  value  of  the  inoculations  m  ght  be  clearly 
determined.  The  first  town  n  whu.1  extensive  vaccinations  were  prai 
ticed  was  Angat  ani  its  barrios  in  the  Provime  of  Bulacan  The 
village  is  situated  directlv  upon  a  small  n\er  from  whi<h  it  derives  its 
entire  drinkmg  water  supply.  Considerable  drainage  from  the  town  m 
wet  weather  passes  into  this  river.  Cholera  was  not  pre'-ent  m  the 
town  at  the  time  the  inoculations  were  performed,  but  it  had  been  present 
there  a  short  time  before  and  it  was  thought  probable  that  it  might 
recur  in  that  locality  dnring  the  rainy  season.  About  one-sixth  of  the 
population  of  the  village^ — ^that  is.  all  who  volunteered  1  07^  m  number — 
was  injected  with  the  prophylactic.  A  few  months  later  cholera  appeared 
in  the  village  and  133  persona  were  stricken  with  the  disease,  131  of 
whom  were  among  the  noninoculated.  In  the  villages  of  Siniloan," 
Mabitac,  and  Malolos,  3,70fi  persons  were  inoculated,  hut  since  the  inocu- 
lations were  performed  there  haa  not  been  sufficient  cholera  in  these 
localities  to  draw  conclusions  of  any  particular  value  as  to  their  efficacy. 
However,  only  three  of  the  entire  number  of  persons  inoculated  have 
contracted  the  disease.  Tn  Bilibid  Prison  a  little  over  Que-half  (1,838) 
of  all  the  inmates  was  inoculated.  During  the  twelve  months  following 
the  injections,  according  to  official  reports  of  the  Bureau  of  Health,  there 
have  been  twenty-four  cases  of  cholera  in  the  prison,  only  four  of 
which  were  among  the  inoculated. 
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REVIEW  OP  THE  RECENT  WORK  UPON  PROTECnVB  INOCULATIONS  AOAINBT 
CHOLERA. 

Having  briefly  outlined  the  work  carried  on  in  this  laboratory  in 
fonnection  with  prophylaxis  against  cholera,  T  wish  to  review  the  results 
winch  several  other  ob'^rvcrs  have  obtained  with  different  methods  of 
anti  cholera  inoculation  since  the  publication  of  my  last  artitle  upon 
the  ''ubject  '* 

Bertarelli"  in  April  lOOS  peTformed  a.  few  experiments  in  choleTS  immuniui 
tion  using  for  the  iniections  the  receptors  of  the  spirillum  sepnrated  by  antolyais 
but  the  strength  of  the  autflivtie  product  employed  is  not  given  He  inoculated 
himself  subcutnneoualv  with  3  B  cubic  centimeters  and  a  rabbit  with  5  cubic 
centimeters  of  nuch  a  prophTlactic  and  was  able  tor  more  than  sit  months  after 
the  inocuiition  to  demonatrEite  agglutinative  and  ba.ctericidal  substances  in  the 
blood  m  each  instance  During  the  previous  yenr  I  had  already  shown  that  in 
the  blood  these  antibodies  persisted  for  a  longer  perird  of  time  than  six  months 
after  inoculation  with  the  immunjaing  Bubitantes  extracted  by  autolysis  from 
the  organism  Beitarelli  s  experiments  do  not  appear  to  be  sufficiently  extensive 
to  throw  much  light  upon  the  value  of  the  method  of  immunization  with  the 
autolytie  e'^tratts  of  the  cholera  organism  although  he  apparently  considers  this 
method  of  inoculation  of  value 

Heller"  {Schweizer  Serum  und  Impflnstitut  Bern)  after  pointing  out  the 
advantages  of  protectee  inoculation  against  cholera  with  cholera  nueleo  proteid 
prepared  by  Lustjg's  method  reports  the  results  of  an  experiment  in  a  rabbit 
m  which  the  animal  had  finally  reeened  0  25  gram  of  the  nueleo  proteid  The 
serum  was  then  tested  ind  showed  an  agglutinative  value  in  a  dilution  of  1  400 
By  finally  inoculating  0  8  of  a  gram  of  the  nueleo  proteid  this  value  was  increased 
to  I  ]  000  A  rabbit  which  was  inoculated  with  the  entire  cholera  organism 
produced  an  agglutinative  serum  m  a  dilution  of  from  1  1  000  to  1  3  000  The 
author  emphasizes  the  fact  that  the  mjection  of  the  nueleo  proteid  causes  but  a 
moderate  reaction  and  gnes  rise  to  a  high  immunity  which  la^ta  for  months 
and  that  the  prophylactic  does  not  readily  deteriorate 

Friedberger  and  Moreschi "  in  a  study  of  the  comparative  vaiue  of  the  active 
immunization  of  rabbits  against  cholera  and  tvphoid  infection  obtained  I^ 
different  methods  performed  numerous  experiments  with  cultures  of  the  cholera 
organism  killed  bv  diverse  means  and  with  others  dried  at  high  temperatures  or 
autolytically  digested  Their  conclusions  in  this  article  throw  but  little  light 
upon  the  value  of  autolytic  digestion  as  a  practicable  means  of  obtaining  the 
immunizing  substances  from  the  spirillum  for  use  in  cholera  prophylaxis  In 
their  conclusions  regarding  this  subject  they  state  that  with  the  PfeilTer  Kolle 
method  or  with  one  recommended  by  LoefBer  (in  which  the  bacteria  are  killed 
at  120°  C  )  autolysis  carried  on  at  body  temperature  produces  no  distinct 
influence  upon  the  activity  of  the  antigens  in  immunizatnn  and  that  certainly 
these  substances  do  not  become  increased      In  another  portion  of  their  article  they 

" PuhUcations  of  the  Bureau  of  Government  Laboratories,  Manila  (1904), 
16,  1,  and  J.  Infect.  Dis.   (IflOB),  2,  107. 

"Centrbl.  f.  Bakteriol.  Orig.  (1905),  38,  5S4, 
"Ibid,  39,  106. 
"  Ibid,  453. 
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point  out  that  three  da^a  autolj8i>i  of  cholera  cultures  killed  at  50"  causes  no 
loss  of  their  ability  to  produce  bacteriolvtK  substance?  upon  iniection 

Obviciualy  a  gjien  cholera  organism  is  endowed  with  a  certain  number  of 
receptors  It  is  difficult  to  ooncene  how  these  leceptors  eould  be  increaaed  by 
autoiytic  digestion  of  the  organitin  The  adiaiitage  of  autolytic  digestion  in 
obtaining  the  immunizing  substances  from  the  cholera  spirillum  for  use  in 
prophylaius  is  that  it  permits  these  substances  to  be  separated  from  other 
injurious  and  nonimmuniEing  subatancei  m  the  protoplasm  of  the  cell  and  hence 
permits  of  the  inoculation  of  a  larger  dose  of  immune  bodies  than  does  the 
method  in  which  the  entire  bacterial  cell  is  injected 

A  consideration  of  great  p^actlc^l  importance — namely  the  infiuenLe  of  the  size 
of  the  dfse  upon  the  antil>odj  production — is  discuaaed  by  Friedberger  and 
Moresthi  who  point  out  that  l/'iOO  oeae  injected  intravenously  gnes  rine  to  the 
production  of  the  same  amount  of  antibodies  nut  only  as  1/100  or  even  1/10  oese 
but  to  the  same  amount  as  does  a  2  000  times  larger  injection  namely  4  oeseti 
These  results  of  Friedberger  and  Moreschi  have  not  been  confirmed  bv  other  authors 
and  the  immunity  obtained  in  cholera  must  still  be  ctnsidered  withm  certain 
limits  to  be  prop  rtion'tl  to  the  dtse  inoculated    as  I  p  inted  out  several  years 

Schmitz'  in  a  \eiy  exhaustite  article  from  the  Institute  for  tht  Investigation 
f  Infectious  Diseases  m  Bern  calls  attention  to  the  immunising  value  tf  cholera 
prjphylactic  prepared  according  to  the  method  of  I  uatig  and  sho«s  that  b>  its 
use  animals  may  be  immunized  against  cholera  infection  and  that  following 
inoculations  with  it  b<  th  agglutinative  and  bactenohti  substan  es  develop  in 
their  sera  Honeier  these  antibodies  according  to  his  experiments  were  not 
pioduoed  m  veiy  great  am  unts  an  agglutinative  value  f  only  I  400  beit  g 
obtained  after  an  injection  jf  0  25  milligram  of  the  vaicine  and  only  ne  1  800 
after  the  size  of  the  do^e  had  been  increased  to  0  8  milligram 

B  Klein"  performed  a  few  experiments  for  the  puipose  of  comparing  the 
value  of  immunization  with  killed  agar  and  btuillon  cultures  of  the  cholera 
rganism  with  that  produced  bv  the  autolytic  extracts  of  the  spirillum  In  all 
eleven  animals  were  immunized  four  «ith  the  autolytic  extracts  and  five  with 
the  killed  cultures  All  were  found  later  to  lie  immune  to  cholera  infection  In 
concluding  his  remaiks  the  author  quctea  ^\>sok  wicz  wh)  states  thit  it  is  stil) 
unproved  how  long  the  immunity  la  retained  after  inoculation  with  the  autolytic 
extracts  of  the  cholera  organism  and  that  the  method  of  preparation  if  the 
prophylactic  is  more  complicated  than  with  that  recommended  by  K  lie  How 
ever  in  very  susceptible  persons  the  autolytic  extracts  are  rec  mmended  because 
f  the  fact  that  the  local  and  general  reaction  following  their  use  is  milder  than 
when  Kolle s  method  is  emjloyed 

Serkowaki  "  during  the  epidemic  at  Lodz  inoculated  eighteen  j>ersons  eleven 
with  killed  agar  cultures  of  the  cholera  organism  and  seven  with  the  separated 
free  receptors  Lpon  the  later  examination  of  tie  bacteriiidal  properties  of  the 
blood  serum  of  the  inoculated  he  found  no  diffcren  e  in  value  between  those  vau 
ciliated  with  the  killed  cultures  and  those  with  the  extracts  of  the  organism 
However  le  points  out  that  the  preparation  of  the  vactine  according  to  the 
former  method  is  much  simpler      The  size  of  the  lose  emploj^d  in  either  method 

' Pubtv-altons  Bureau  of  Ooiernment  Labotatoties  Btol  Qwnl  Labcraluti/ 
(1004)    21    1      J'  Exp   Med    (1905)    7   220 

"Ztschr.  f.  Eyg.  u.  Infektwnskrankh.  (1905),  52,  1.  Centrbl.  f.  Bakterxol. 
Orig.  (1806),  41,  118, 

"Centrbl.  f.  Bakteriol.  Orig.   (1906),  41,  118. 

"Ibid,  255. 
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IS  nut  gi\en  In  the  fuitlier  inoeulation  of  a  number  of  hiiniBii  beiiiKs  with  killed 
oulturea  m  some  of  whom  the  injection  was  rppeated  a  second  and  third  time 
it  was  demonstrated  that  there  was  a  distinct  relationship  between  the  baoteri 
cidal  immunitv  obtained  and  the  size  of  the  dose  Howeier  there  appeared  to 
be  no  dire<^  relation  between  the  size  of  the  dose  and  the  agglutinative  lalue  of 
the  blood  nor  between  the  agglutinatue  value  an  i  the  battericidal  {.  »er  neither 
did  the  number  of  vaccinations  seem  to  be  directly  related  to  the  foruiatiou  of  the 
aggliitjnin<i 

Meinicke  Jaff*  and  Flemming'  have  carefully  considered  the  binding  power 
of  tic  cholera  iibrio  in  lelation  to  the  production  of  immunity  Their  experi 
incnts  performed  upon  the  relation  between  binding  power  and  virulence  are  of 
great  practKal  importance  in  regard  to  the  subject  of  protective  inoeulation  in 
man  They  conclude  that  binding  power  and  iiriilence  are  independent  of  each 
jthei  qince  in  some  cases  the  avirulent  cholera  organism  revealed  a  greater 
bindmjf  power  and  in  others  a  leager  than  certain  more  virulent  onei  They 
believe  that  the  apparent  quantititiic  differences  in  the  binding  }Owei  between 
dtffeteitt  cholera  strains  can  be  explained  by  the  qualifioative  differences  in  the 
structure  of  the  receptors  of  the  organism  They  also  conclude  although  their 
experiments  in  relation  t)  this  point  are  few  in  number  that  the  virulence  of 
a  cbolera  culture  bears  no  relation  to  its  immunizing  power  Thev  were  unable 
to  confirm  the  w  jik  of  Friedberger  and  Moreaehi  in  regard  to  obtaining  aera 
of  IS  high  a  value  from  the  intravenous  inoculation  of  1/100  oese  of  a  cholera 
culture  as  from  a  much  larger  dose  Even  with  the  intiavenous  inoculation  of 
1/10  oese  thev  i  ere  able  to  produce  sera  of  moderate  value  only  in  about 
half  of  the  animals  inoculated  DifTerences  in  the  value  of  the  sera  were  much 
greater  when  the  small  doses  were  used  than  when  larger  ones  were  employed 
They  believe  that  Friedberger  and  Moreschi  s  results  can  be  explained  by  the 
fact  that  in  immui  ization  with  such  small  doses  the  value  of  the  serum  obtained 
depends  largelj  upon  individual  variations  in  the  animals  furnishing  the  serum 

Fichera  r  '  experiments  in  relation  to  binding  power  an  I  virulence  are  mainly 
confirmatorv  of  those  of  Afeinicke  JafTe  and  Flemming  This  author  found  that 
strums  of  tie  cholera  organism  whuh  had  been  isolated  tor  long  periods  of  time 
still  poasessel  the  same  binding  power  foi  cholera  amboceptors  as  fresbl;  isolated 
cholera  cultures  Fitheia  also  investigated  the  relation  between  the  immunitj 
produced  and  the  size  of  the  dose  He  found  contrary  to  Friedberger  and 
Moreschi  that  rabbits  ino<ul-ited  intravenouslv  with  1/100  of  a  24  hour  culture 
killed  at  60°  C  furnished  sera  which  had  an  agglutinative  value  of  about  1/10 
or  even  less  of  that  furnished  by  animals  inoculated  with  1/20  of  the  culture 
The  bactericidal  val  le  cf  the  sera  obtained  from  the  inoculation  of  1/100  of  a 
culture  was  about  one  fifth  the  value  (f  the  latter  The  results  of  Fnedber^r 
and  Moreschi  as  the  author  points  out  may  be  explained  on  the  ground  of 
individual  variation  m  the  immunity  of  the  different  animals  A  human  being 
was  inoculated  mtravenuuslj  with  1/100  oese  of  a  cholera  culture  killed  at  80° 
but  no  practical  increase  m  the  imm  ine  bodies  of  the  serum  was  demonstrated 
therefore  the  author  does  not  recommend  this  small  dose  for  active  immunization 
FiChera  recalls  that  with  those  methods  (f  cholera  immunization  in  which 
specific  sera  are  added  t<  the  bacteria  before  inoculation  the  immunizing  value 
)f  the  organism  is  lost  in  proportion  to  the  saturation  of  its  receptors  with 
imboeeptors  bef  re  the  injection  In  case  the  vibrios  were  saturated  so  to  speak 
with  the  serum   the  inimals  were  onl}  immunized  slightly  or  not  at  all 

"Ztsckt    f  Hyg   u  Infekttonskranhh    Leipz    (1906)    52    416 
«Centrbl  f  Bakteiwl   Otig    (1906)    41    576   6"1 
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Karwatki"  inoculated  line  persons  with  abiut  1  oeae  of  killed  eholera 
orgBQiams  BUBpended  in  saline  solution  After  file  days  a  seiond  dose  of  i  oesen 
was  injected  following  Hhuh  apparently  quite  marked  local  reaction  oc(,urred 
The  reactions  were  uanally  milder  aftei  tliu  second  than  after  the  first  injection 
\fter  the  first  laccination  the  bactericidal  \alu«  jf  the  serum  was  0  02  in  eight 
of  the  cases  (50  units)  after  the  second  the  sera  showed  lalues  of  frrm  2  000 
to  10  000  units  The  aRglutination  after  the  first  inreulation  in  no  case  reached 
o\er  1  '>0  In  aumt  instances  there  was  no  reaction  in  dilutiot  a  of  I  5  while 
■after  the  teeond  laccinati  n  the  agglutit ation  was  in  no  case  below  1  S  and  in 
one  it  ha  1  reached  1    400 

Blell='  (from  the  Institute  for  the  Investigation  of  Infectious  Diseases  in 
Bern)  has  also  reported  in  detiil  upon  the  lalue  of  cholera  immunization  with 
cholera  nucleo  proleid  The  agglutinative  at  d  bactericidal  value  of  the  blood 
sera  of  a  large  number  of  animals  wa^  studied  Many  of  these  h'ld  received 
repeated  and  intreaBing  doses  of  the  prophyiattit  In  t«o  eases  the  bacteneidal 
xalue  of  the  rabbits  blood  was  determined  after  single  injection'"  of  0  1  gram 
and  OO")  gram  respectnely  of  the  nucleo  proteid  and  was  found  to  be  6  milli 
grama  and  10  milligrams  In  the  rabbits  which  had  reLcned  t  number  of 
repeated  inoculations  [.era  to  a  maximum  \al  le  of  0  8  of  a  milligrim  were 
obtained 

The  authrr  also  reports  experiments  from  the  results  of  which  he  believes  that 
cholera  immune  serum  produced  by  jnjculation  of  the  nucle  proteid  ran  exert 
a  curatiie  effect  on  animals  which  aie  inoi-ulated  with  it  m  from  one  to  four 
hours  after  infection  with  living  cholera  apinlla 

Finalh  we  have  the  report  of  Haffkme  '  which  gi\es  a  summary  of  the  work 
performed  on  anti  chole^^  inoculation  m  India  Haffkme  refers  to  the  recent 
work  of  Pfeiffer  and  Fnedberger  and  of  m>aelf  which  seempd  to  demonstrate  thit 
the  vaccinating  power  of  a  cholera  culture  varies  in  direit  relation  with  the 
degree  of  its  virulenre  a  principle  he  remarks  which  aeried  Pasteur  foi  twenty 
>ears  as  a  biais  for  his  troiWa  fnt  intenstf  in  rabies  Haffkme  points  out  that 
for  this  reason  in  the  beginning  of  hia  work  on  protectiie  inoculation  against 
cholera  he  s  ught  to  obtain  a    ?iius  /ixe    with  the  cholera  vibri 

In  hia  lerj  eitensive  inoculations  in  man  he  has  obaerieii  th'jt  the  intensity 
and  duration  of  the  symptoms  provoked  bv  the  subeutaneoua  inoeulatn-n  of  the 
living  vibrios  are  directlv  proportional  t  the  Mnilenee  of  the  culture  and  the 
quantity  injected  He  again  describes  the  raethjda  by  means  of  which  the  fited 
and  the  attenuated  virus  used  m  making  the  inoculationR  are  prepared  He  haa 
fiund  that  if  the  cultures  of  the  jrganiam  are  killed  by  heat  or  by  antiseptics 
such  as  carbolic  or  inorganic  acids  or  bj  other  means  they  retain  the  power  of 
produung  an  immunity  upon  inoculation  but  thia  la  considerably  reduced  The 
reaction  produced  after  injection  of  the  killed  cultures  was  of  the  ^ame  nature 
as  that  br  ught  about  by  the  Imng  ot  ea  only  it  was  less  intense  Up  to  the  year 
1S91  Haffkme  always  employed  two  vaccines  the  first  consisting  of  a  (.ulture 
attenuated  by  growing  it  in  contact  with  the  oxygen  of  the  air  and  the  second 
a  yiruB  of  filed  virulence  obtained  b\  pasBage  through  guinea  pigs  Since  IBS') 
owing  to  the  fact  that  it  was  found  impricticable  sometiilies  to  give  the  second 
inoculatirn  experiments  were  made  bv  Haffkme  and  Powell  to  see  if  the  first 
vaccination  with  the  attenuated  culture  could  net  be  omitted  4s  much  as  1 
ot  a  gelatm  culture  of  the  fixed  virus  alone  was  injected  m  a  large  number  of 

"Ztachr.  f.  Hyg.  u.  InfektionskTankh.,  Leipz.   (1S06),  54,  39. 
"iJtsofir.  f.  Hyg.  v.  Infektionskrankh.,  LeipE.   (1906),  55,  187. 
"BuK.  Inst.  Pasteur  (1B06),  4,  694  and  737. 
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eases  without  any  serious  illneBs  resulting.  Between  April,  1886  and  1809, 
somewliat  more  than  6,500  esses  were  vaceinated  in  this  manner.  Powell,  in  a 
report  of  tlieae  eases  in  1899,  showed  that  among  6,549  nonvaecinated  individuals 
there  were  108  cases  and  124  deaths  from  tholera,  while  among  5,778  of  the 
vaccinated  there  were  only  27  oases  and  14  deaths. 

Haffkine  points  out  that  while  the  vaceinated  individual  is  obviously  less  apt 
to  eontract  cholera  than  the  nonvaceinated,  if  the  former  should  actually  he 
striken  with  the  disease  he  is  as  likely  to  succumb  to  it  as  the  latter  (since  no 
marked  antitoxic  immunity  has  been  produced  by  the  vaccination).  The  im- 
munity following  the  vaccination  may  persist  for  fourteen  months,  after  which 
time  it  diminishes  and  probably  disappears.  During  the  period  of  active  im- 
munity the  number  of  cases  of  cholera  among  the  vaccinated  is  but  one-tenth  of 
that  observed  in  the  unjnoculated. 

The  statistics  which  Haffkine  quotes  in  his  paper  conclusively  prove  the  value 
of  protective  inoculation  against  this  disease. 

We  see  from  this  review  of  the  recent  work  on  protective  inoculation 
against  cholera  that  three  observers,  all  from  Bern,  have  reported  upon 
the  value  of  cholera  nucleo-proteid  as  a  means  of  immunization  against 
the  disease  and  have  performed  numerous  experiments  showing  that  anti- 
hodies  enter  into  the  blood  sera  of  animals  inoculated  with  this  form  of 
prophylactic.  From  single  inoculations  in  rabbits,  sera  having  as  high 
an  agglutinative  value  as  1:  500  and  a  bactericidal  one  of  5  milligrams 
were  obtained,  but  none  were  higher.  However,  these  values  are  some- 
what low  when  compared  with  those  I  have  encountered  in  rabbits  after 
a  single  inoculation  of  the  prophylactic  I  have  described. 

Turning  now  to  the  experiments  which  have  been  performed  by  other 
observers,  it  may  be  seen  that  no  very  extensive  studies  other  than  my 
own  have  been  made  with  the  immunizing  substances  of  the  cholera 
spirillum  obtained  and  separated  by  autolysis,  either  in  man  or  animals. 
All  of  those  who  have  reported  upon  the  use  of  the  method  have  ap- 
parently lost  sight  of  what  seems  to  me  to  be  its  most  important 
advantage,  namely,  that  when  the  immunizing  substances  are  extracted 
from  the  cholera  organism  they  may  be  injected  in  much  larger  amounts 
at  one  time  than  if  the  whole  organism  is  used.  I  have  inoculated 
myself  with  three  oesen  (6  milligrams)  of  a  living,  virulent,  cholera 
organism  at  a  single  dose,  and  the  local  and  genera!  reaction  experienced 
was  such  as  to  make  me  conclude  that  a  larger  amount  than  this  would 
not  be  practicable  nor  desirable  as  a  method  for  general  inoculation.  On 
the  other  hand,  as  I  have  pointed  out,  our  routine  method  of  human 
inoculation  consists  of  the  injection  of  the  immunizing  substances  in 
colloidal  suspension  or  in  solution,  extracted  from  60  to  70  milligrams 
of  the  bacteria.  Obviously,  we  are  not  able  to  separate  and  obtain  all 
the  receptors  of  the  organism  by  the  method  I  have  employed.  This  was 
demostrated  by  my  earlier  experiments,  when  it  was  shown  that  i  oeee 
of  the  living  organisms  furnished  as  good  immune  sera  ae  the  receptors 
extracted  from  3  oesen  of  the  same  culture.     However,  the  receptors 
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extracted  from  12  oesen  gave  rise  to  far  better  sera.  A  much  larger 
dme  than  ^  oeee  of  the  living  organisms  could  not  have  been  resisted  by 
the  animals,  as  thej  would  have  succumbed  to  an  infection  with  the 
spirillum. 

IXlCAh  REACTION    FOLLOWING    IKOCUI^ITION. 

Several  ot  the  obseripis  who  h^\e  used  m  man  the  methad  >t  injecting 
extracts  obtained  b>  autoli'iis  remark  upon  the  fact  that  the  local  re 
action  13  less  marked  than  in  the  c-ise  of  the  inoculation  of  either  the 
killed  or  Inmg  spirilla  There  can  be  no  doubt  of  this  fact  and  we 
have  hvd  opportunity  to  compare  the  reaction  produced  h\  each  of  these 
method'*  in  man  as  well  a&  m  animah  In  animals  the  differences 
are  ver\  striking  and  mai  eisil>  be  obsericd  If  a  guinea  pig  is  m 
emulated  m  the  dbdommal  ca\itv  and  tissues  overlying  the  abdominal 
wall  with  4  oese  of  a  virulent  cholera  organism  of  which  the  lethal 
dose  IB  about  1/10  of  an  oese  or  with  5  or  6  oesen  of  the  same  killed 
organism  at  autopsy  m  the  neighborhood  of  the  track  ol  the  springe 
needle  there  is  found  a  hjemorrhigic  and  infiltrated  irea  which  la 
usuallv  sharply  circumscribed  and  of  i  bright  cr  dark  red  color  If,  on 
the  other  hand  a  guinea  pig  is  inoculated  with  a  large  dose — for  example 
5  cubic  centimeters — of  the  extracted  prophylactic  I  have  described  the 
animal  m\y  succumb  to  the  injection  from  intoxication  but  at  autopb\ 
no  hemorrhagic  area  will  be  obser\ed  about  the  point  of  inoculation 
The  walls  of  the  abdomtn  are  swollen  and  cedematou'.  but  there  ire  no 
evidences  of  an  acute  inflammatory  process  such  a*  occurs  when  the 
living  or  killeil  orginism  itfeelf  is  mocuhted  On  the  other  hand  it 
inoculations  m  amounts  ]ust  below  the  lethil  dose  are  made  with  each 
form  of  prophylactic  no  difference  m  the  quality  of  the  immunity  can 
be  detected  m  the  two  animals  \ariation  wnlv  bang  found  in  relation 
to  the  quantity  of  the  amboceptors  the  animals  inoculated  with  a  large 
amount  of  the  proph^Uctic  iieldmg  a  better  '«rum  than  thDse  which  had 
been  given  the  living  organisms 

Therefore  it  seems  unquestionable  that  there  lie  other  irntatmg  sub 
stances  m  the  cell  of  the  cholera  orgamsm  which  have  nothmg  to  do 
with  the  production  of  the  immunity  and  it  is  these  substances  which 
mav  be  separated  Ui  i  large  extent  from  the  immunizing  antigens  bj 
autolysis 

The  action  of  these  irritating  substances  m  the  chalera  cell  seems  to 
bt  partnularly  actue  when  )  large  amount  of  the  organism  m  con- 
centrated suspension  is  introduced  into  the  tisBueu  thus  m  deaths  from 
Asiatic  cholera  we  do  not  bee  markedlv  hsemorrhagic  areas  m  the 
mtehtinal  wall  where  the  organisms  ire  spread  out  o\er  the  surface  of 
the  mucosa  but  if  several  oesen  of  the  living  organisms  are  introduced 
into  the  subcutaneous  tissues  in  man  the  hsemorrhagic  condition  ma\ 
be  produced   as  J  hive  demonstrated  b\  an  experiment  performed  upon 
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myself.  Inoculation  of  the  human  being  with  the  extracted  prophy- 
lactic which  I  have  described  does  not  produce  this  hfemorrhagic  change 
in  the  tissues.  HafEkine  in  relation  to  this  question  and  of  the  inocula- 
tion of  this  fixed  virus  says ; 

En  inoculation  souscutanfe  au  eobaye,  le  vims  ne  tviait  paa,  mais  produeait 
vine  mortification  des  tissns  et  une  eachare  de  grand  extension. 

If  this  local  reaction  is  entirely  du6to  the  immunizing  substances  of 
the  cholera  organism,  why  are  not  similar  lesions  encountered  elsewhere 
in  the  animal  body  ?  Cholera  is  an  intoxication  and  it  seems  almost 
unreasonable  to  suppose  that  all  of  the  toxin  is  bound  locally,  either 
in  the  intestine  in  natural  infection  or  in  the  subcutaneous  tissues  after 
artificial  subcutaneous  injection;  the  immunizing  substances  are  soluble 
and  must  pass  to  the  other  organs  of  the  body.  It  rather  appears  that 
with  the  cholera  spirillum,  as  with  the  diphtheria  bacillus,  we  have  to 
do  also  with  substances  within  the  bacterial  cell  which  give  rise  to  a 
local  inflammatory  reaction,  but  which  have  nothing  to  do  with  the  true 
immunity  in  the  disease.  However,  in  cholera,  of  course  the  toxin  is  of 
an  entirely  different  nature  from  that  encountered  in  diphtheria  and 
probably  only  becomes  liberated  at  the  time  of  the  disintegration  of  the 
spirilla. 

Before  ending  this  discussion  upon  the  subject  of  the  local  reaction 
produced  by  the  extracted  prophylactic,  1  wish  to  call  attention  to  the 
fact  that  Hetsch  and  Kutscher,^*  who  employed  the  method  of  inocula- 
tion of  the  free  receptors  in  the  typhoid  bacilli  prepared  according  to 
the  method  of  Neisser  and  Shiga,  reported  that  very  marked  inflam- 
matory local  reactions  followed  the  injection  of  0.5  cubic  centimeter  of 
the  prophylactic  in  the  inoculation  of  some  of  the  German  troops.  Red- 
ness and  swelling  of  the  tissues  oct;urred  three  hours  after  the  injection. 
The  inflammatory  area  about  the  point  of  inoculation  became  of  a  scarlet- 
red  color  sharply  circumHcribed  re^mbling  the  inflammation  frequently 
seen  m  erysipelas  these  manifestations  subsided  after  forty-eight 
hours  but  the  injection*  were  not  repeated  because  of  the  marked  local 
rea<,tion  whith  occurred  frjni  the  first  inoculation. 

I  wish  to  emphasize  that  these  results  obtained  with  extracts  of  the 
typhoid  bacilli  are  entirely  contiary  to  those  which  we  have  encountered 
with  the  free  receptors  of  the  cholera  organisms.  In  very  numerous 
inoculations  performed  in  Americans  and  natives  of  these  Islands  we 
have  had  ibundant  cpportunity  to  observe  the  local  reactions  following 
the  inoculation  of  the  prophylactic  I  have  described;  none  of  these  have 
been  severe  ind  tht  great  majority  have  been  very  mild.  Our  injections 
have  been  made  intramuscularly  because  of  the  quick  absorption  which 
occurs  frcm  the  muucutar  tissues.  Since  the  immunizing  substances 
in  the  extractf  1  prophvlactic  are  either  in  solution  or  colloidal  suspension, 

"  KUn.  Jahrbvch.   ( lflO&) ,  14,  148,  166. 
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they  apparently  are  in  a  condition  in  which  they  are  capable  of  being 
much  more  easily  absorbed  than  wlien  they  are  injected  bound  to  the 
bacterial  cells.  However  this  may  be,  with  the  cholera  organism  the 
local  reactions  are  unquestionably  le^  severe  after  inoculation  with 
our  prophylaetic  than  from  the  injection  of  the  living  spirillum.  T  have 
received  inoculatione  by  both  methods,  and  the  suffering  caused  by  the 
living  organisms  is  much  more  marked. 

SIZE  OF  THE  DOSE  AND  STANDARDIZATION  OF  'i'HIi   PROPHYLACTIC. 

Most  observers,  in  discussing  the  si^e  of  the  dose  in  inoculations  against 
cholera,  agree  that. the  immunity  obtained  is  in  proportion  to  thf>  amount 
of  the  immunizing  substances  injected  This  was  ■-hown  \lt\  conclu- 
sively by  my  early  experiments  which  ha\e  been  referred  to  m  this  article. 
However,  Friedberger  and  Moresehi  combat  this  view  and,  \&  has  been 
mentioned,  believe  that  as  high  an  immunitv  (in  bo  obtained  from 
the  intravenoua  injection  of  very  emill  amounts  of  the  cholera  spirillum 
as  from  the  subcutaneous  injection  of  much  largei  ones  1  ha\e  not 
had  any  experience  with  the  intravenous  moculition  of  the  cholera 
organism  in  such  small  quantities  as  Fnedbergei  and  Moresthi  have 
employed.  The  experiments  of  Fischen  and  of  Meinirke  Taft^  and 
Flemming  do  not  confirm  Ffiedberger  and  Moreschi's  results,  ai  has  been 
mentioned  in  the  discussion  of  the  literature;  moreover,  they  believe 
that  ivith  such  small  quantities  of  the  organism  the  very  favorable 
results  obtained  may  have  depended  more  upon  the  individual  variation 
of  the  animal  in  regard  to  susceptibility  and  immunity  than  upon  the 
amount  injected.  In  relation  to  the  size  of  the  dose  inoculated  it 
may  be  recalled  that  Wright,''  in  his  inoculations  against  typhoid  fever 
in  the  English  army,  attempted  to  inject  each  individual  with  almost 
exactly  the  same  number  of  killed  typhoid  bacilli.  In  order  to  ac- 
complish this  purpose  he  employed  a  twenty-four,  hour  broth  culture  of 
a  known  and  proved  strain  of  Bacillus  tifphosus  and  enumerated  the 
number  of  bacteria  in  tliis  culture  by  the  ingenious  blood  counting 
method  which  he  devised. 

Leishman  and  Harrison,''  in  further  pursuing  the  question  of  typhoid 
inoculation  among  the  English  troops,  also  attempted  to  standardize 
their  vaccine  by  the  procedure  advanced  by  Wright.  However,  they 
found  that  in  spite  of  all  precautions,  errors  in  the  broth  cultures  of 
from  50  to  100  per  cent  in  counts  of  the  same  filins  were  by  no  means 
uncommon.  Leishman  and  Harrison  also  spent  some  time  in  their 
efforts  accurately  to  standardize  their  typhoid  prophylactic  (consisting 
of  the  killed  typhoid  organisms,)  by  estimating  in  addition  with  the 
assistance  of  Martin,  the  weight  of  the  dried  bacterial   bodies  in  a 

"Urit.  Med.  Joitrn.   (IBOO),  1,  122,  and  Lancet   (1902),  2,  11. 
"J.of  Syg.  (1M5),  5,  380. 
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measured  quantity  of  Yoccine  and  a  correlation  obtained  from  thia  weight 
and  the  number  of  bacteria  as  estimated  by  the  living  and  dead  count- 
ing methods.  Eyen  by  all  these  methods  it  was  impossible  finally  to 
arrive  at  an  accurate  standardization  such  as  they  apparently  desired. 

In  my  opinion  these  experiments  performed  in  the  standardization 
of  either  typhoid  or  cholera  prophylactic  are  superfluous  and  unnecessary. 
The  most  practicable  and  accurate  method  1  have  been  able  to  deviee 
for  the  standardization  of  a  prophylactic  of  this  nature  is  the  determi- 
nation of  the  degree  of  immunization  within  certain  limita  which  will 
usually  be  produced  by  approximately  equal  quantities  of  it  in  an 
animal.  Evidently,  exactly  the  same  amount  of  immunity  in  a  series 
of  inoculated  animals  is  practically  never  produced  even  though  the 
dose  injected  is  exactly  the  same,  owing  to  the  natural  individual 
variations  in  the  immunity  of  the  animals. 

Having  determined  upon  an  arbitrary  unit  of  immunization  and  upon  - 
the  minimum  number  of  units  of  inmiunity  a  given  volume  of  the 
vaccine  must  usually  produce  in  animals,  so  that  the  inoculation  of  the 
same  amount  will  give  rise  to  the  production  of  a  satisfactory  quantity 
of  immune  bodies  in  a  few  human  beings,  it  is  only  necessary  always 
to  employ  for  man  the  amount  of  vaccine  which  will  give  rise  in  ihe 
animal  to  at  least  the  minimum  determined  number  of  units  of  im- 
munity. Since  individual  variations  in  immunity  in  human  beings  are 
so  marked,  it  probably  does  not  make  any  practical  difEerenee  whether 
one  individual  is  inoculated  subcutaneously  with  a  few  hundred  or 
perhaps  even  a  thousand  more  killed  organisms  than  is  another  one. 
Thus,  while  for  adults  the  regular  dose  of  the  extracted  prophylactic  we 
employ  is  2  cubic  centimeters  {which  must  give  rise  to  at  least  10,000 
units  of  immunity  in  a  rabbit),  nevertheless,  the  results  obtained  in 
human  beings  inoculated  with  the  same  lot  of  prophylactic  and  with 
the  same  dose  were  surprisingly  variable.  Moreover,  they  conclusively 
demonstrated  that  nothing  of  practical  importance  was  to  be  gained  in 
attempting  to  inoculate  each  individual  of  a  large  number  of  people  in 
a  community  with  exactly  the  same  quantity  of  receptors.  I  have  ob- 
served two  individuals,  each  inoculated  with  the  same  dose  of  the  same 
fluid  prophylactic,  one  of  whom  developed  forty  tames  as  great  a  quantity 
of  antibodies  as  the  other.  Such  variations  in  the  immunity  produced  in 
human  beings  after  inoculation  are  not  uncommon.^'     The  same  condi- 


"  Agglutinins  do  not  invariably  develop  in  tlie  blood  aera  of  human  beings 
inoculated  either  with  our  prophylactic  or  with  the  living  cholera  organism. 
Two  physicians  were  each  inoculated  with  2  eubie  centimeters  of  the  same  lot 
of  our  prophylactic.  After  ten  days  the  blood  serum  of  one  showed  an  agglu- 
tinative reaction  in  a  dilution  of  1 :  700,  while  that  of  the  other  gave  practically 
no  agglutinative  reaction.  At  about  the  same  time  I  was  inoculated  with  3 
oesen  of  the  living  cholera  .organism,  and  although  a  very  marked  local  and 
general  reaction  was  obtained,  my  blood  serum  ten  days  later  showed  practically 
no  agglutinative  reaction  against  the  cholera  spirillum. 
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tions  are  sometimes  encountered  in  the  immunization  of  monkeys,  but 
they  are  less  variable  in  the  other  lower  animals. 

Lamb  and  Fotster  ^*  have  proposed  to  adopt  Wright's  method  of 
standardizing  typhoid  vaccine  by  determining  the  amount  of  the  vaccine 
which  will  completely  neutralize  or  remove  the  amboceptor  content  of 
a  fixed  quantity  of  normal  goat's  serum.  However,  since  the  binding 
power  in  vitro  of  the  receptors  in  the  vaccine,  for  the  amboceptors 
of  the  serum  may  perhaps  not  exactly  represent  the  immunizing  power 
of  the  vaccine  in  the  animal  body,  we  have  preferred  to  eraploy  the 
method  I  have  described.  This  method  of  stands nlizat ion  of  the  pro- 
phylactic by  the  units  of  immunity  it  gives  rise  to  is  obviously  not 
an  accurate  one,  but  it  is  sufficiently  accurate  for  all  practical  pur- 
poses. In  standardizing  our  smallpox  vaccine  we  regard  the  reaction 
obtained  in  a  monkey  following  inoculation  with  it  as  the  most  import- 
ant test  of  its  efficacy;  the  exact  degree  of  the  reaction  (which  varies 
with  the  natural  variation  in  the  immunity  of  the  animals)  is  not  so 
important  so  long  as  a  distinct  reaction  is  obtained.  In  standardizing 
our  cholera  prophylactic  we  also  seek  to  obtain  a  certain  reaction  in  the 
serum  of  the  rabbit,  following  its  inoculation.  The  exact  degree  of  the 
reaction  obtained,  provided  a  certain  limit  has  been  reached,  is  obviously 
of  less  importance,  for  the  reason  already  given. 

IMMUNIZING  POWER  AND  VIRULENCE  OF  THE  ORG.iNiSM. 

Another  point  about  which  some  further  discussion  seems  necessary 
is  that  of  the  iminunizing  power  of  the  cholera  organism  to  be  chosen 
for  the  preparation  of  the  prophylactic. 

Pfeiffer,  Friedberger '"  and  I '^  found  that,  with  cholera  spirilla,  a 
greater  immunity  was  obtained  with  the  more  virulent  organism. 
PfeitTer  and  Friedberger  employed  four  strains  in  their  investigations. 
My  experiments  were  carried  on  with  two  strains  of  cholera  spirilla  of 
widely  different  virulence  and  I  was  able  conclusively  to  show  that  the 
virulent  organism,  upon  inoculation,  produced  a  higher  immunity  and 
at  the  same  time  bound  a  greater  number  of  amboceptors  in  a  cholera 
immune  serum  than  did  the  avirulent  one.  At  the  time  of  the  publica- 
tion of  these  experiments  I  stated  that  "these  conclusions  apply  to  the  two 
strains  of  chtdera  spirilla  employed  in  the  foregoing  experiment*. 
Whether  they  will  also  hold  good  with  other  strains  of  this  spirillum  or 
for  micro-organisms  in  general  must  be  decided  b}  further  experimental 
work."  The  experiments  of  Meinicke,  Jaff4  and  Flemming  seem  con- 
clusively to  show  that  with  different  strains  of  the  cholera  spirillum 

"Sclent.  Mem.  Med.  and  San.  Off.,  India,  Cakutta  (1006),  21,  7. 
"Berl.  Klin  Wchnsck.  (1902),  39,  581. 

"  Publications  of  the  Bureau  of  Government  Laboratories,  Biological  Labora- 
tory, Manila  (1004),  21,  I,  and  J.  Emp.  Med.   11906),  7,  229. 
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t«  iitro  the  binding  power  ot  the  organiem  for  amboeeptore  in  a  cholera 
nmune  stnim  is  mdepen  lent  f  ttie  virulence  of  the  organiBm.  In 
some  instances  the\  found  that  a  virulent  cholera  culture  was  able  to 
bind  more  amboceptors  than  an  avirulent  one,  but  in  many  instances 
the  reverse  was  the  case 

Their  e\perinients  referring  to  the  relation  between  virulence  and 
immunizing  power  are  not  numerous.  This  seems  to  me  to  be  un- 
fortunate for  ly  means  yf  their  method  of  examination  and  the  large 
number  of  cultures  which  they  studied,  they  were  in  a  position  to  solve 
this  problem  contlusneh  In  fact.,"in  the  small  number  of  experiments 
thev  record  onlj  >ne  instance  is  given  in  their  table  of  results  in  which 
the\  founl  tl  at  1/10  oe^e  of  a  killed  aviriilent  organism,  when  injected 
intravenousl)  intt  a  single  rabbit  furnished  a  serum  with  a  bactericidal 
\alue  of  1  1  000  while  1  10  oese  of  a  kUled,  highly  virulent  strain  in 
mother  animal  produced  a  bactencidal  value  of  only  1 :  200.  However, 
vhile  the  res  Its  of  those  experiments  suggest  that  immunizing  power 
IS  ndependent  of  \irulence  nestrtheieas,  in  the  inoculation  with  such 
small  amounts  ot  tht  organism  the  individual  variation  in  the  immunity 
ot  an  anin  al  [  la^s  such  an  important  role  that  it  would  not  be  prudent 
t>  Iraw  anv  general  conclusions  from  this  single  result.  For  example 
in  this  same  series  of  experiments  three  other  rabbita  were  inoculated 
with  1/10  oese  of  the  holcra  strain  {number  74)  ;  one  of  these  gave  a 
serum  of  a  bactenudal  value  of  1 :  2,000,  one  of  1 :  1,000,  and  one  of 
1  400  Therefore  it  would  seem  that  further  experiments  are  neces- 
sary letore  we  can  reach  a  final  conclusion  on  this  subject.  This  ques- 
tion in  particular  is  not  settle  1  in  regard  to  the  inoculation  of  the  Hying 
irgan  sms  of  different  virulence  and  of  the  relative  immunity  produced. 
I  '^  recentl)  performed  some  experiments  with  living  plague  bacilli 
)f  lifferent  virulence  and  found  that  the  more  virulent  organism  fur- 
nished the  greater  immunity  However,  as  I  worked  with  but  three 
strains  f  this  bacillu6  m\  experiments  also  can  not  be  considered  as  en- 
tirelj  conclusive  for  ofiei  strains  of  the  plague  organism.  It  seems 
possible  that  the  coeffitient  of  growth  of  the  spirillum  may  play  some 
[art  m  the  degree  of  cholera  immunity  produced;  that  is,  the  virulent 
rganism  ma>  multiply  more  rapidly  after  inoculation  than  the  less 
sirulent  one  as  GotaclKh  and  Wiegand  found  in  cultures;  this  need 
not  necessarilj  imj.ly  that  a  greater  volume  of  growth  is  obtained  with 
the  virulent  organism  in  fact  the  individual  spinlla  maj  be  smaliei 
m  size  than  m  the  case  of  the  avirulent  culture  The  larger  forms  of 
the  spinllum  it  has  been  observed,  are  much  more  common  in  cultures 
(f  the  avirulent  strains  than  they  are  in  those  of  virulent  ones  It  must 
he  recalled  that  Haffkine  in  connection  with  the  question  of  virulence 

"This  Jouriittl.  Sec.  B.,  Med.  8ci.  (1907|,  2,  1R7. 
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and  immunizing  power  emphasizes  the  fact  tliat  the  more  vimleot 
cholera  organism  produces  the  greater  immunity,  and  MacFadyan*' 
states  that  cholera  cultures  of  high  virulence  yield  the  most  toxic  and 
cultures  of  low  virulence  the  least  toxic  juices,  while  in  those  instances 
in  which  the  virulence  had  heen  allowed  to  diminish  to  such  an  extent 
that  3  platinum  loops  of  a  culture  did  not  kill  a  guinea  pig,  the  toxicity 
of  the  juices  suffered  a  corresponding  drop,  0.5  and  even  1  cubic  cen- 
timeter failing  to  kill,  whereas  the  animal  succumbed  to  acute  infection 
from  0.1  cubic  centimeter  from  a  virulent  culture.  This  led  Mac- 
Fadyan  to  conclude  that  virulence  and  toxicity  were  intimately  related 
as  regards  the  cholera  endotoxin,  inasmuch  as  iDcreosed  virulence  implied 
increased  toxicity  and  vice  versa. 

Therefore,  in  preparing  our  cholera  prophylactic  we  select  an  organ- 
ism which  is  known  to  possess  high  immunizing  value  and  in  addition 
one  of  maximum  virulence. 

THE   8EKUM   TliEATMENT   Oe    CHOLER,!. 

Recently  the  question  of  the  leiuni  treatment  ->i  iholera  hi*  again 
attracted  attention  owing  to  the  studie'i  of  Koux  Brau  and  Benier 
Kraus  and  Maf'I'adyan,  and  before  entenng  into  d,  discubsiDn  of  the 
^uliect  I  will  briefi>  review  their  results 

Brau  and  Denier"  f  und  that  they  Here  aiile  to  obtam  a  \ery  active  toxin 
from  tte  cholera  vibrio  by  growing  this  orgxmam  in  a  ipctial  culture  medium 
Lunsisting  of  5oui/fo«  Marltn  gdalint  4j  cubic  lentimeteri  normal  lerum  of 
the  horse  45  lubic  centimeters  defibrinated  blood  10  eubie  centimeters  heated  to 
60°  C  for  three  hours  By  t,r  wth  of  the  organism  up  n  this  medium  thev  were 
able  to  obtain  the  toxin  legularlv  and  in  mtreaaed  amount  After  four  iav3 
development  the  cultures  had  btftome  1  quified  htemoly^ia  occurred  after  t  *entj 
four  hours  after  seven  days  they  were  filtered  through  paper  and  then  through 
a  Chamberlain  i  candle  (ertam  precauti  na  are  neeessarj  m  orler  to  obtain 
the  toiin  m  satisfactory  amounts  The>  advise  tlat  the  scrum  be  heated  at 
60  C  for  three  hours  in  order  to  de-troy  the  substantea  antagonistic  to  the 
development  of  the  cholera  >ibrio  The  tleriiostat  must  be  kept  at  a  constant 
temperature  variatioi  s  even  of  1  interfering  with  the  production  of  the  toxin 
the  optimum  temperature  was  found  to  be  between  3H  and  30°  C  It  is  also 
necessary  for  the  cultures  to  be  well  afirated  and  shaken  each  day  tinally  the 
strain  of  cl  olera  spirillum  employed  must  not  laie  been  passed  through  animals 
since  such  a  passage  diminisl  ed  tie  toxic  power  of  the  organism  with  great 
rapiditj' 

following  this  method  tbey  were  able  to  obtain  ■»  cholera  toxin  with  "B  cul 
tures  of  vibrios  isolated  m  '(aigoi  «ith  two  strains  obtained  fron  the  Paste  ir 
Institute  one  of  which  wis  isolated  m  B  mbay  and  the  tber  in  Nasik  and 
with  three  strains  fron  Egypt  They  concluded  that  a  soluble  toxin  may  be 
obtained  from  vibrios  isolated  from  cholera  stools  aid  that  tie  production  of  the 
toxin  may  be   increased  by  lultivating  the  organism^   in   the  r   special   culture 

"Lancet  (1906),  171,  495. 

*^Oompt.  rend.  Acad.  d.  Sc,  Par.   (1905),  141,  397, 
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media.  In  the  following  year "  the  same  authors  called  attention  to  the  fact 
that  this  cholera  toxin  manifested  its  effect  quickly  and  without  a  period  of 
incubation  when  injected  into  an  animal.  Guinea  pigs  and  rabbits  could  be 
immunised  against  the  toxin  so  that  they  were  able  to  resist  two  fatal  doaea 
injected  at  one  time,  and  horses  which  had  been  inoculated  intravenously  at 
intervals  of  6  months  with  J  liter  of  the  tosin,  furnished  a  serum  of  which  0.02 
cubic  centimeter  neutralized  two  fatal  doses  of  the  cholera  toxin  after  a  contact 
of  thirty  minutes  in  vitro.  The  serum  also  exerted  antimicrobic,  agglutinating 
and  precipitating  qualities.  The  cholera  toxin  was  not  destroyed  by  boiling  and 
the  boiled  toxin  produced  as  good  a  serum  as  the  unboiled  one.  It  was  also 
found  that  the  injection  of  cultures  of  the  living  cholera  vibrio  into  the  veins  of 
a  horse  furnished  an  antitoxic  serum  wliich  was  even  more  active  than  that 
prepared  with  the  soluble  toxin.  They  admit  that  the  cholera,  toxin  appears  to 
be  analogous  to  the  endotoxins  of  the  pest  and  typhoid  bacilli,  although  in  their 
final  conclusions  they  state  that  the  organism  produces  a  soluble  toxin  the  action 
of  which  is  rapid  and  without  a  period  of  incubation.  Tiiey  also  believe  that 
the  cholera  toxin  contained  in  the  exudates  of  the  bacteria  and  that  obtained 
in  the  liquid  culture  media,  can  not  be  distinguished.  The  authors  in  their  last 
article  emphasize  some  further  precautions  to  be  observed  in  order  to  secure  a 
good  production  of  the  toxin.  The  media  finally  employed  consisted  of  20  cubic 
centim.et«rs  of  normal  serum  of  the  horse  plus  10  cubic  centimeters  of  defibrinated 
blood.  The  scrum  and  defibrinated  blood  must  be  at  least  three  weeks  old  before 
uxe,  as  otherwise  almost  no  production  of  toxin  occurs. 

In  1903-4,  in  studying  the  question  of  protective  inoculation  against  cholera, 
I  called  attention  to  the  fact  that  judging  from  my  experiments  "it  would  appear 
that  the  most  advantageous  method  for  the  extraction  of  the  intracellular  toxins 
of  the  cholera  spirillum  would  be  the  one  which  MacFadyan  has  recently  applied 
to  the  typhoid  bacillus  with  the  same  end  in  view.  By  this  method  the  bacteria 
were  ground  up  at  the  temperature' of  liquid  air,  the  disintegration  having 
occurred  under  conditions  which  precluded  the  possibility  of  chemical  change." 

MacFadyan "  during  the  present  year,  1906,  has  undertaken  experiments  of 
this  nature  with  stefile  juices  obtained  from  the  cholera  organism.  Toxic 
extracts  were  obtained  from  the  most  virulent  cultures  which  killed  guinea  pigs 
acutely  in  doses  of  O.I  to  0.05  cubic  centimeter  while  0.02  cubic  centimeter  ren- 
dered the  animals  ill.  The  endotoxin  also  exerted  its  action  when  injected 
subcutaneously  in  quantities  of  1  and  2  cubic  centimeters.  Doses  of  0.1  to  0.05 
cubic  centimeter  killed  rabbits  on  intravenous  injection.  The  juices  deteriorated 
in  toxic  power  on  keeping,  and  the  latter  was  destroyed  by  heating  at  a  tem- 
perature from  55°  to  60°  C.  Goats  were  immunized  with  increasing  doses  of 
the  endotoxin  and  a  serum  was  obtained  of  which  0.002  cubic  centimeter  neutral- 
ized from  three  to  four  ascertained  lethal  doses  of  the  endotoxin  for  a  guinea  pig. 
This  property  was  not  possessed  by  1  cubic  centimeter  of  normal  serum. 

Kraus,"  in  1904,  in  working  with  a  vihrio  designated  as  "Nasik,"  was  able.to 
obtain  a  powerful  toxin  from  filtered  bouillon  cultures  of  this  organism.  By 
heating  to  50°  C.  its  poisonous  properties  were  destroyed.  Kraus  concluded  that 
his  organism  was  not  a  true  cholera  vibrio  owing  t<i  its  agglutinative,  bactericidal, 
precipitating,   and   haemolytic   properties.     Since   this   time   the   same   author " 

"Compt.  rend.  Acad.  d.  Sc.  Par.  (1900),  142,  728,  and  Ann.  d.  Vinst.  Pasteur 
(1906),  20,  578. 

"Lancet   (1906),  2,  494. 

"Gentrhl.  f.  Sakteriol.   Orig.    (1904),   34,  488. 

»/6irf,   (1900),  41,   15,  and  Wien.  Win.  Wchnsch.   (1906),   19,  655, 
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las  parried  on  extensile  e\periinent<i  with  a  number  of  different  TibtiOB  which 
pan  not  here  be  conBtdered  in  detail  In  hia  most  recent  article  n  tl  e  subject '" 
he  iMnoIude*  that  the  cholera  vibrio  of  koci  produces  lo  hfleinotosin  either  m 
bullion  cultures  or  in  goit  s  blood  agar  plates  However  it  gi\ea  rise  to  a  toxin 
which  IS  eithei  prodni^d  bj  the  spirillum  onlv  in  the  1  >inp  o  ganism  or  also 
in  vttro  The  cholera  poison  is  a  true  soluble  toxin  and  ma>  be  destroyed  l^ 
antitoxin  It  lo  to  lie  differentiated  from  Pfeiffer  s  endogenous  poison  whiol 
m  tbe  organism  produces  no  antitoun  CI  olera  in  therefore  an  intoxication  whicl 
IS  excited  bv  a.  secreted   soluble  t  \in 

\  stud\  of  Kraui  experiments  does  not  seem  to  me  entirelj  to  justifv 
hib  concluBionB  Moreover  hit,  results  are  not  altogether  in  atcord  with 
those  of  Brau  and  Denier  Krau'<  distingTaishes  two  kinds  of  soluble 
po  "ons  m  the  different  spirilla  one  whith  is  the  most  potent  axiuteli  act 
mg  toxin  suth  as  that  produced  bj  the  T  tbtio  jiastfc  and  a  large  number 
of  other  not  true  cholera  vihnos  and  i  second  which  is  a  slowlj  acting 
poison  lus  Bubstance  encountered  m  hitrates  of  true  cholera  cultures  and 
which  he  regards  as  the  toiin  which  gnes  rise  to  the  cholera  svmptonis 
observed  in  man  Brau  and  Denier  ^tate  that  the  toxin  the^  obtained 
from  the  cholera  \ibrio  acts  acutely  and  without  an  incubation  period 
and  that  the)  securel  this  toxm  from  the  Vibrto  natik  as  well  as  from 
many  other  undoubted  choleri  btrains  The  to\in  with  which  thev 
worke]  was  not  destroyed  b\  boiling  while  the  one  which  Kraus  obtained 
from  the  T  i&no  >i  ad  was  destroyed  at  a  temperature  of  50°  C  How 
ever  Brau  and  Denier  m  their  last  publication  on  this  subject  incline  to 
the  belief  that  they  formerly  encountered  two  toxins  one  of  which  was 
destroyed  by  hoiling  and  the  other  not  Kraus  has  apparently  lost  sight 
of  the  fact  that  MacFad^an  has  obtained  an  anti  endotoxic  herum  of  such 
pot«nc>  that  0  003  cubic  cent  meter  protected  a  guinea  pig  against  three 
lethal  doses  of  the  eholeri  endotoxin  while  Brau  and  Denier  found  that 
0  002  cubic  centimeter  of  horse  s  cholera  immune  serum  the  animal  hav 
ing  received  0  5  liter  of  toxin  intravenously  was  able  to  neutralize  but 
two  fatal  doses  cf  the  to\in  atter  standing  one-half  hour  tft  vttio  This 
serum  did  not  follow  the  law  of  multiples  as  0  05  of  a  cubic  centimeter 
was  necessarj  to  neutralize  1  lethal  do^es  of  toxin  while  1  cubic  centi 
meter  was  required  to  neutralize  4  doses 

I  demonstrated  m  1903  that  Qi  cubic  centimeter  of  a  choleri  anti 
endotoxic  serum  would  neutralize  4  lethal  doses  of  toxm  when  m  xed 
immediately  before  inoculation  I  alsj  found  as  Mactad-van  has  since 
done  that  a  temperature  of  bO°  L  destroys  mo&t  of  this  primary  poison 
or  at  least  converts  the  toxm  into  toxoid  It  would  appear  that  the  toxm 
which  Kraus  has  obtained  and  which  he  designates  a&  i  secretion  of  the 
organism  and  is  a  soluble  toxm  is  none  other  than  the  one  with  which 
Brau  and  Denier    MacFadvan    and  myself  worked  and  tliat  it  should 

"ftnt  H   f   B  1.1     lol   Referite    (19  b)    38    Beil    K4 
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rather  be  regarded  as  an  endotoxin,  for  convincing  evidence  to  the  con- 
trary at  least  has  not  yet  been  brought  forward. 

Dnring  the  year,  opportunity  was  afforded  to  study  tlie  antitoxic  seruTu 
of  Denier  and  to  witness  its  practical  application  in  the  treatment  of 
Asiatic  cholera.  A  request  having  been  made  bv  Dr.  Denier  to  carry  on 
the  experimental  serum  treatment  of  cholera  in  the  Government  cholera 
hospital  in  Manila,  I  was  called  upon  to  examine  the  sera  and  report  upon 
them  before  this  method  of  treatment  was  undertaken.  The  two  sera 
which  Dr.  Denier  employed  were  of  a  different  nature.  One  serum 
designated  as  "A"  was  prepared  by  injecting  the  horse  with  the  cholera 
toxin  entirely  free  from  the  bacteria,  and  the  second  one  "B "  wa*; 
produced  by  injecting  the  horse  with  the  living  organisms.  These  ''era 
were,  upon  examination,  found  to  possess  specific  agglutinative  and  bac 
terieidal  properties,  serum  "B"  showing  a  much  higher  lalue  m  this 
respect.  No  study  was  made  of  the  neutralizing  power  of  the  sera  for 
lethal  amounts  of  the  filtered  ch<  lera  toxin  Gu'nea  pigs  inoculated  with 
1  cubic  centimeter  of  serum  B  and  at  the  same  time  with  1  or  even  2 
oesen  of  a  cholera  Mbrio  of  which  the  lethal  dose  was  1/10  oese  survivetl 
the  inoculation  however  when  thev  were  inoculated  with  5  oesen  and  i 
ubic  lentimeters  of  the  serum  the\  in\ariabh  succumbed  Pfeiifer's 
phenomenon  seemed  to  ha\e  been  complete  as  was  shown  by  the  post 
mortem  examination  cf  a  number  of  theae  animals  since  microscopic 
jireparatione  tr>m  th(,  exudate  m  the  al  dom  nal  ca\it\  showed  no  motile 
iibrios  and  the  animal  had  apparently  die!  rather  frcm  an  intoxication 
than  from  an  miection  However  these  experin  ents  obviouslv  do  net 
demonstrate  whether  leath  ha*]  occurred  from  the  effuct  of  the  endotoxin 
Lontamed  in  such  a  larf,t  amount  of  the  spir  Hum  (5  oesen)  or  from 
thi  effects  of  another  bol  hie  toxin 

Serum  B  \(as  found  to  protect  against  larger  doses  of  the  living 
oiganism  than  scrum  \  ai  waf-  proved  bv  testing  the  bactericidal 
power  of  the  t«o  sera  Ihe  hactencidi,!  value  of  the  sera  was  ap 
parentU  at  all  eients  so  far  as  the  living  oiganisms  were  concerned 
the  most  important  factor  in  protecting  the  animaU  at  leabt  up  to  a 
cirtain  do=ie  In  manv  of  tht  animals  which  diel  and  which  had  not 
reieived  excesiiveh  large  dosei  of  the  cholera  spirillum  Pfnffers  pheno 
menon  was  also  found  to  be  complete   it  almost  so 

In  all  5'  human  cases  of  cholera  were  trtateil  bv  Dr  Denier  with  the 
•.Lr^  In  each  instance  a  bacteriologic  diagnosis  of  cholera  was  made 
bv  Dr  Den  er  and  also  bv  this  laboratory  as  was  customarv  with  all 
ca=os  m  the  Government  hospital  The  injections  of  the  sera  were  given 
ntravenousl^  and  m  lai^e  quantities  as  much  as  250  cubic  centimeters  in 
a  liter  of  Havem  s  solution  being  modulated  at  a  single  doae  FoUowmg 
this  primirv  inoculation  100  cubic  centimeters  of  serum  were  injected 
n  an  equal  amount  of  saline  solution  everv  three  hours  until  a  reaction 
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oa  the  part  of  the  patient  occurred.  The  average  amount  of  serum 
given  was  from  300  to  500  cubic  centimeters,  but  in  one  case  1,000  cubic 
eenfcimetere  were  inoculated  in  twenty-four  hours.  The  cases  in  the  hospi- 
tal were  treated  alternately  with  serum,  that  ia,  every  other  case  admitted 
received  this  treatment.  Dr.  Denier  remained  at  the  hospital  day  and 
night  and  was  indefatigable  in  his  efforts  to  treat  and  care  for  the  eick. 
The  injections  of  the  semm  were  usually  given  very  shortly  after  the 
time  of  the  admission  of  the  ease  to  the  hospital.  Obviously,  the  patients 
were  frequently  in  collapse  at  the  time  of  their  arrival.  Dr.  Denier*" 
has  prepared  the  toUowing  table  which  at  a  glance  shows  the  results  of 
the  serum  treatment. 


Number 

slools. 

„... 

is- 

miity. 

Co  trol 

21 

I 

n 

; 

« 

1 

From  this  table  ]t  is  evident  as  Deuier  joints  nut  that  the  cases 
which  received  the  antitoMC  serum  were  not  Venefited  by  it  the  mortal 
ity  being  e\  n  higher  than  m  the  ones  whuJi  leceived  no  serum  The 
number  ot  cases  whi  h  leceived  the  antimicrolic  serum  is  too  small  to 
ji  stif\  decided  coiiclu'iions  although  the  n  ortalitj  is  much  lower 
Benitr  calls  attentun  tc  the  fact  that  hqmd  anl  frequent  ''erous  move 
n  ente  occurred  shorth  after  the  inoculations  with  the  patients  who 
received  infravenoush  a  large  amount  of  tht  terum  m  Hayem  s  fluid 
these  movements  m  volume  approximateh  equaled  thit  of  the  liquid 
injected  Therefore  he  thought  that  p^S'iibly  the  antitoxic  serum  was 
nt  c  retained  in  the  body  for  a  Bufficient  length  of  time  ti  ucomplish  its 
action  and  that  it  wis  perhaps  excreted  mt")  tlie  intestine  and  passed  m 
the  stool  He  suggests  that  the  injection  of  the  serum  might  therefore 
undei  proj>fr  i«eptic  conditions  Ve  made  with  better  results  into  the 
abdominal  cavity  It  his  occurred  to  me  that  if  the  inoculated  serum 
was  excreted  into  the  intestine  more  favorable  results  might  perhaps  he 
obtained  at  least  in  the  earl\  cases  with  i  serum  of  higher  bactenohti 
power  sinc#  in  the  e\ent  of  the  excretion  of  the  serum  bv  the  mucosa  of 
the  intestine  it  would  be  brought  into  direct  contact  with  the  cholera 
spirillum  Prohabh  such  a  serum  would  exert  no  favoralle  influences 
by  its  liactenoljtic  propertie--  in  the  later  stages  of  the  disease      It  would 


*°  Report  a  Monsieur   le  (  o 
Oct    ( 1S(M)  ) 


■   G^nSral    ie  1  Indo  Chine    Hanoi    Saigon 
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be  interesting  to  ascertain  whether  better  results  could  be  noted  in  the 
treatment  of  cholera  by  the  use  of  the  antitoxic  serum  prepared  accord- 
ing to  the  method  recommended  hy  MacFadyan,  since  he  has,  according 
to  published  reports,  prepared  the  serum  of  the  highest  endotoxic  power.*' 
As  yet  we  have  not  by  our  own  experiments,  been  convinced  of  the 
production  in  cultures  of  a  soluble  toxin  by  the  cholera  spirillum,  even 
when  it  is  freshly  isolated  from  the  cholera  stool.  On  the  other  liand, 
it  does  not  appear  to  me  definitely  to  have  been  deterinined  that  the  toxin 
which  MacFadyan  and  others  have  obtained  from  the  protoplasm  of 
tlie  organism,  really  is  the  toxin  in  the  same  condition  in  which  it  gives 
rise  to  all  of  the  symptoms  of  the  disease  in  man.  At  all  events,  it 
would  appear  that  the  cell  juices  which  MacFadyan  has  isolated  probably 
also,  in  addition  to  the  pure  specific  cholera  toxin,  contain  certain  other 
poisonous  substances.  A  more  extensive  routine  study  of  the  cholera 
vibrios  isolated  freshly  from  the  cholera  stools,  as  well  as  of  the  strains 
of  Bacillus  dysentery^  encountered  in  dysentery  faces,  in  relation  to  the 
formation  by  them  of  soluble  toxins,  will  be  pursued  in  this  laboratory 
as  opportmiity  offers. 

"  In  a  persona]  communication  from  Dr,  Denier  I  am  informed  that  Dr. 
liesredka  haa  recently  succeeded  in  preparing  an  antitoxic  cholera  serum  which 
pOBsesses  a  much  greater  value  than  did  the  aerum  with  which  Dr.  Denier  per- 
formed his  experiments  in  the  treatment  of  human  cases  of  this  disease  during  the 
preceding  year. 
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OBSERVATIONS  UPON  TREPONEMA  PERTENUIS  CASTEL- 
LANl  OF  YAWS  AND  THE  EXPERIMENTAL  PRO- 
DUCTION OF  THE  DISEASE  IN  MONKEYS. 


By  P.  M.  AaHBUBN  ami  Chables  F.   Chaio.' 

(fVoTO  the  laboratory  of  Ihf  United  States  Army  Board  for  the  Study  of 

Tropical  Diseases,  Division  Hospital,  Manila,  I'.  I,  and  the 

Biological  Laboratory  of  the  Btireaa  of  Science.) 


HISTORICAL. 


Sihaudmn  and  Iloftinan(J)  jii  Mai,  1905,  annouiited  their  diacovery 
of  a  spiral-shaped  parasite  m  the  lesions  of  syphilis,  which  they  named 
SjnrochtEte  palhda 

As  sptrocheele.  Culin,  1872,  is  an  amended  Bpelling  of  Spxrochieta,  Ehren 
berg,  1834,  the  name  Sptrochtcle  palhda  became  Sptrorhceta  palUdit  Tn  the 
same  year  Vuilleminl4)  seleited  Spirochmta  palhda  as  the  type  of  a  new 
jifpnuB  which  he  called  Spironema,  the  organiam  found  in  eyphilia  thus  becoming 
HpiTonema  palltdum.  a  clasBiflcntion  accepted  by  Scbaudinn  in  1905  Further 
investigation  developed  the  fact  that  the  name  Uptronema  had  been  prengoslj 
employed  to  designate  a  genua  of  moHuHks,  and  accordingly  could  not  be  used 
in  thiB  connection  Stiles  and  Pfender(5)  proposed  the  name  Mioro'ipironema 
pallidum  for  the  organism  but  before  their  publication  appeared  Schaudinn(61 
had  proposed  the  generic  term  Treponema  and  the  speciflc  name  Treponema  pal 
hdum,  Schaudinn,  which  is  the  correct  name  of  the  parasite  of  H>philis 

In  February,  1805  Castellani  (7)  while  investigating  the  etiolo^ry  of  jans 
at  Colombo,  Ceylon,  discovered  spiroeh»t«  in  the  serum  of  yaws  lesions,  one  of 
which  resembled' \ery  closely  Treponema  pallidum  m  its  morphology  In  the 
announcement  of  this  discovery,  which  appeared  in  the  'Journal  of  the  Ceylon 
Btanch  of  the  Bittnh  Medical  Asaoaotton,"  Jilne  17,  1905,  he  named  the  organ 
ism  SptrochiFta  pertenms  but  as  it  undoubtedly  belongs  to  the  genus  Treponema 
the  correct  name  is  Treponema  pertenms  Castellani  Several  papers  by  this  in 
vestigator  have  since  appeared  (8,  9  10,  11,  12)  dealing  with  the  etiologj  of 
yaws  and  a  few  confirmatory  reports  of  the  presence  in  the  lesions  of  yaws  of 
Treponema  perfenuti 

Wellman(13),  in  South  Angola,  Afrita  was  the  first  to  confirm  Castellani  s 
obseriationa,  finding  the  organism  in  scrapings  from  yaws  lesions  m  one  case 

'  P  M  Ashburn  captain  and  assistant  surgeon.  United  States  Army,  and 
Charles  F  Craig  first  lieutenant  and  assistant  surgeon  United  States  Army, 
constituting  the  Umted  States  Army  Board  for  the  Study  of  Tropical  Diseases 
ns  they  Occur  in  the  Philippine  Islands 
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He  UHS  !i(t  iinaie  of  (.a»t«lluiii  •<  <li«.mei}  at  the  tune  lulv  1905^  so  that  liis 
obflervations  amount  to  an  in  dependent  discoien  »f  Tiepoiieiiia  pertpnuis 
although  the  oigaiiiHin  wan  hist  sten  and  despribed  hj  Co^tellani  In  a  >(Up 
plementarj   note  regarding  the   'tpiroclwlir  found   in  raws    Wellman  aa^stli) 

It  IS  Rignilicant  that  this  observation  nhieh  has  been  spoken  u!  a*  one  of  the 
most  important  di^eoieries  of  lecent  tiineti,  couaidering  the  f>tet  tliat  the  Siiiiu 
ih<rla  pallida  has  been  found  br  Schaudinn  in  tiphilis  and  ponsidennf;  the 
lelation  Haid  to  exiet  betneen  ^an«  and  a>phi1is  {15)  should  have  been  niude 
almost  simuttjinenuah  in  t«()  suih  Hidel\  separated  countries  as  Ceyli>n  and 
\\e«t  Africa 

Further  confirniatioiiH  of  the  jiieselice  of  Trepunei  a  peitenms  (.aHtellaill  in 
the  lesions  of  \awi  haie  been  published  b\  Powell  1 1(1)  BornedT)  and  Mai 
Ijennanllt)  Powell  and  Md-onnaii  found  the  orfra"'"*'''  >n  but  one  ease  bnt 
Borne  eneuunteied  the  trepunema  in  nine  of  eleven  cases  evamiiied  and  the  lattei 
wrote  Caatellani(19|  that  he  had  found  them  in  fort^  nine  out  of  fifti  nine  cases 
Connor(20)  was  unable  to  demonstrate  Treponema  per'f««is  in  tnu  tases  of  ■\a.wi 
occurring  in  Manjpur  State  India  usin((  Leishman  s  stain  the  method  advocated 
bj  Castellani 

Desciipiwm — The  folloiim^  r^sumf  is  eolliplled  from  the  published  descriptions 
of  the  oiganiHni  bv  Castellani  The  treponema  were  found  b\  hini  in  the  serum 
from  the  nonulcerated  leHions  and  in  smaller  numbers  in  the  ulceiated  lesions  of 

Tlie  majority  of  tlie  oi^nisuis  are  extremely  delicate  though  wme  individuals 
uie  thicker  and  stain  more  intensely  but  alt  are  thinner  than  refnagenit  or  other 
spirocliiet«e  with  the  e\ception  of  Ireponetia  polltdum  Schaudinn  The  length 
^arIes  from  a  few  ii  to  IS  or  iO  or  more  Both  extremities  are  often  pointed 
but  forms  are  met  with  presenting  blunt  citremities  or  one  extremity  blunt  and 
the  other  point*  1  Karelv  one  e\treniiti  mai  show  a  pear  shaped  expansion  or 
a  loop  like  foimation  The  organisms  are  spiriliform  the  number  of  uaies  in 
the  spiral  tarving  but  generally  bein)>  numerous  uniform  and  of  small  dimen 
Mons  sometimes  an  rrganism  is  obsened  haiing  uniform  narrow  waies  for  a 
portion  of  its  length  the  remainder  being  almost  or  quite  straight  Two 
organisms  may  be  attached  together  end  to  end  or  twisted  about  one  another 
Castellani  has  seen  forms  indicating  longitudinal  division  tno  organisms  l>ing 
parallel  close  together  and  united  at  one  end  he  has  also  observed  a  few 
chromatoid  points  scattered  irregularly  in  some  organisms  With  Tjeishman  a  or 
Giemsa  s  stam  the  organism  takes  a  pale  reddish  tint  (.astellani  also  found  in 
ver*  rare  instances  a  few  oval  or  roundish  bodies  B  t«  G  ;i  m  length  md  4  to 
0  fi  broad  staining  purplisli  or  bluish  with  Leishman  s  stain  and  lontainiiig 
chromatin,  collected  at  one  point  or  scattered  throughout  the  bodies.  He  suggests 
that  these  bodies  may  be  a  developmental  stage  of  the  Trpponema  perteiiuia.  In 
the  open  ulcerative  sores  of  frambresia  <'astellani  fouud,  along  with  Trfponema 
perienuit,  three  varieties  of  spirochtette,  as  follows: 

1.  A  thick,  easily  stained  form,  identical  niorphologically  with  8.  refrini/ena 
Schaudinn. 

2.  A  thin,  delicate  form,  with  waves  varying  in  size  and  nvinilier,  and  blunt 
at  both  ends.     He  named  this  organism  *(.  o6(«ao. 

H.  A  thin,  delicate  form,  tapering  at  both  ends,  which  lie  named  S,  acumiiitila. 

Castellani  found  Treponema  pertenuis  present  in  the  lesions  of  yaws  in  eleven 
of  fourteen  eases.  Regarding  its  morphological  resemblance  and  its  relation  to 
Treponema  pnllidum  jie  said  in  1906(21)  : 

"The  spirochietee  found  in  the  non-open  lesions  and  some  of  those  found  in 
open  sores  of  yaws  are.  in  my  opinion,  morphologically  identical  with  the 
8.  pallida  of   8chaudinn.     This   is  also  the  opinion  of   Schaudinn  himself  who 
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very  kindlv  litis  examiiietl  Heveral  of  my  Bpeciiiiens,  but  that  if  future  investigation 
Hill  prove  that  yaws  is  a  spirochipt«  discBse,  the  yaws  spirochiete  will  have  tn  be 
considered  to  be  biolojiicaily  different  froip  the  spirochiete  of  syphilis." 

Careful  aiii]  frwiiient  ini|Miriea  among  the  mwlical  officers  of  the  Army 
;iii(l  civilian  practitioners  in  Manila,  during  a  period  of  almost  a  year, 
had  but  eonfirmeil  tlio  iiupn^on  gained  from  the  literature  (1  and  3), 
that  yaws  is  a  rare  disease  in  the  Philijipine  Islands,  when  we  were 
shown  some  eases  at  Parafiaque,  through  the  courtesy  of  ]>r,  Luis  (Juc- 
rrero.  At  the  time  of  our  first  visit  there  we  saw  four  cases  and  at 
subsequent  lisits  four  others,  while  we  were  infonned  hy  the  jiatient* 
and  their  friends  that  the  disease  is  very  common  throughout  all  the 
region  about  Paraiiariue,  and  we  have  since  heanl  of  it  as  common  in 
certain  towns  of  Tarlac^  Province.  fjiiJion,  and  in  the  neighborhood  of 
Parang-Parang,  Minilanao,  and  it  is  <{uite  probable  that  it  is  frequently 
seen  and  wet!  known  hy  the  natives  in  most  parts  of  the  Archipelago. 

We  have  also  seen  five  cases  in  San  LaKaro  Hospital,  Manila,  all  in 
lepers.  We  have  not  had  an  opportunity  to  treat  any  case  that  we  have 
seen,  hut  we  have  exaniine<l  all  and  in  ten  we  looked  for  Treponema  pertp- 
II  ids,  finding  it  in  all  of  them. 

Our  examinations  of  yawe  cases,  which  have  been  made  at  relatively 
infrequent  intervals  for  the  reason  that  we  hatJ  none  under  our  im- 
mecliate  control  and  supervision,  embraced  inquiries  into  the  clinical  mani- 
festations of  the  disease.  In  this  regard  they  brought  out  nothing  new 
that  is  important  and  the  description  which  we  might  give  of  the  clinical 
appearance  of  the  disease  ii'ould  not  differ  greatly  from  those  of  most 
recent  authors  and  even  from  those  of  a  century  ago  hy  Winterbottoni 
and  Bateman(3S),  except  that  we  think  the  large,  ulcerative  lesions  are 
probably  due  to  secondarj-  infections  and  should  not  be  credited  to 
pure  yaws,  any  more  than  suppuration  in  syphilitic  lesions  should  be 
attributed  to  Treponema  pallidum. 

The  observations  which  we  shall  discuss  herein  consist  principally, 
then,  of  studies  of  the  fresh  and  stained  serous  exudate  from  yaws 
lesions,  which  contained  the  Treifonema  pertenuU.  as  described  by  Castel- 
lani  and  others.  As  the  serum  presented  nothing  peculiar  or  charac- 
teristic of  yaws  except  the  treponema,  the  great  bulk  of  our  work 
consisted  in  observations  on  that  parasite.  These  observations  were  made 
on  three  varieticfi  of  preparations  of  the  senim. 

MKVHOV8  OF  EXAMINATION. 

1  SIh  led  81  ei  f  — IheHe  leie  prepared  bj  removing  the  vel'"'*"*''  liees«ax 
like  tops  from  the  papillomatuuit  leBiona  eithei  by  pulling  them  (.ff  entire  or 
b^  nanhing  them  off  bj  fnition  with  net  gauze  and  taking  on  the  end  of  n 
slide  I  bit  f  the  deni  serum  uliieli  then  exuded  from  tlie  lesion  and  making  i 
very  thin  smear  of  it  aeross  a  thorollghlv  cleaned  slide  Preparations  so  made 
Here  then  stained  nith  either  M  light  a  or  (i^ieinsa  n  stain   p  eferably  the  latter 

A  moie  profuse  tlou   of  serum  is  <^tained  if  the  Lrust  or  cap  of  tfie  swelling 
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be  washed  a»ay  ai  t)  e  frittion  necesBan  in  thia  proves-*  probabU  causes  an 
increased  flow  of  bUod  to  the  lesion  at  any  rate  a  remarkablv  pr  >f use  fliw  la 
4u  ( t  lamed  On  the  itber  hand  if  the  Lip  be  tneie1>  pulled  off  the  aeroua  flow 
mij  be  lery  alight  ond  it  onlv  becomea  profuse  whtn  the  papill  ma  is  lubbe  1  witb 
the  en  1  of  a  slide  r  with  a  piece  of  gauze  ini  eien  tt  en  it  is  not  so  abundant 
ind  w  free  fr  m  <.-ell-i   is  the  -(erum  obtnn  tvi  b\  the  first  method 

It  IS  remirkible  hon  clean  and  how  frei;  from  body  clHs  and  bacteria  tie 
slides  thus  made  may  be 

B  Fresh  sernm — This  wii  obtained  in  the  same  way  as  that  for  Htaining 
exiept  that  it  waa  generall]  allowed  to  fliw  into  lapillar^  tubes  whenie  it  waf 
blown  out  upon  slide**  and  diluted  or  n  t  ns  teemtd  desirable  with  a  nmall 
imount  of  normal  salina  Rolution  It  was  then  eo^tred  with  a  thin  cover  glass 
the  glass  ringed  with  inseline  and  exiraiuation  made  nith  a  high  p(wer 

C  — Capillary  tube  preparations  were  made  as  mditated  abote  the  tubes  being 
seiled  when  filled  and  kept  at  r  om  temperature  (usually  about  30°  centigrade) 
for  yanable  lengths  ol  time  when  they  were  broken  the  contents  tlown  out  and 
examined  stained  or  unstained   or  both 

In  addition  to  the  examinations  made  of  the  serum  in  tl  e  ways  just  indi  itel 
we  eiccised  two  papillomata  and  sectioned  and  stained  them  by  Le\a(litis  metl  ud 
Vie  were  unable  to  demrnstrate  the  Tiepunema  m  these  preparations  but  in 
sections  similarlj  stained  an  1  sent  to  us  by  Captain  Russell  acting  curntor  f 
the  Armj  Medual  Museum  the*  are  seei  in  great  numbers  lying  among  the 
epithelial  cells  but  les-*  numerous  am  ng  the  deeper  ia\ers  of  tl  ese  The 
orginisms  are  in  many  instances  a^rregated  into  clumps  similar  to  those  obtained 
in  the  capillary  tubes  The  cells  among  which  the  organisms  are  found  ilwaya 
show  signs  of  degeneration  loss  i  f  outline  iiidistinttness  of  nuclei  and  vacuola 
tion      'tueh  areas  are  localized  and  present  the  appearance  of  lacunie  of  degen 

DESCRIITIOlH    OF    TREPONEMA   PERTENUI8   CASTrilANr 

a.  Morphology.— The  morphology  of  the  treponema  may  be  very  briefly 
described  by  the  statement  that  it  is  indistinguishable,  so  far  as  we  can 
determine,  from  that  of  Trt/onema  pdlliium  In  shape  sJze  ''ttmiiig 
reactions,  appearance  of  ends  etc  the  two  are  similar  and  neither  we  n>r 
the  many  medical  men  and  investigators  to  whom  we  have  shown  the 
organisms  and  whose  opinion  we  have  sought   are  able  to  differentiate 

In  length  Treponema  pertenm^  vanes  pon'siderablv  aome  short  forms 
not  being  longer  than  about  4''  It  is  possible  that  other  forms  miy 
be  even  shorter  than  this  but  if  so  thev  are  not  recognizable  £is  treponema 
More  commonly  they  are  about  10  to  1^  /i  m  length,  while  individuals  are 
even  longer.  Occasionally  very  long  forms  are  seen,  20  and  85  or  very 
rarely  even  30  fi,  b\it  whether  these  are  single  individuals,  or  multiplying 
or  agglutinating  forms  in  which  two  individuals  are  joined  end  to  end, 
we  can  not  yet  determine. 

The  width  of  the  organism  is  so  very  slight  that  we  are  unable  to 
measure  it  with  exactness.  We  estimate  its  width  as  probably  varying 
from  one-sixth  to  one-half  of  a  micron.  If  the  line  of  a  filar  micrometer 
is  brought  as  near  to  one  side  of  a  loop  of  the  treponema  as  is  possible 
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without  covering  the  latter,  and  the  line  of  the  instrument  be  moved  i 
or  in  toward  the  treponenia,  the  side  of  the  loop  will  be  hidden  in  most 
instances.  Whether  it  will  be  completely  oovero".i,  or  more  than  covered 
bv  tlic  line,  we  can  not  say.  We  can  not  be  more  definite  than  to  say 
th;it  in  our  opinion  the  widtli  of  the  organism  is  not  far  from  0.25  n,  hut 
it  may  be  either  greater  or  less.  The  length  of  the  spiral  turns  averages 
very  close  to  1.5  /*,  measured  from  crest  to  crest  When  we  first  began  to 
study  the  organism  we  tlioiight  that  Treponema  pertenuis  was  probably  a 
trifle  wider  and  a  trifle  more  open  in  its  curves  than  Treponema  pallidum, 
and  we  yet  think  that  this  may  poesibly  he  true  for  the  average  of  large 
numbers,  but  our  average  measurements  are  the  same  for  both,  and  there 
is  no  form  that  we  have  seen  which  we  felt  justified  in  designating  as 
either  pallidnm  or  pertenuis,  one  and  not  the  other,  unless  we  knew  the 
source  from  which  it  was  derived. 

The  curves  of  both  species  of  treponema  vary  somewhat  in  width  and 
regularity,  but  these  variations  are  not  peculiar  to  or  even  much  more 
common  for  either  species.  Tn  general,  the  curves  are  fine,  about  1  to 
1.2  n  in  depth,  regular  and  rather  rigid.  The  last-named  character  is 
especially  noticeable  in  unstained,  fluid  preparations.  Here  the  organisms 
are  seen  as  fine  and  fairly  rigid  spirals,  usually  straight  or  almost  so. 
The  appearance  is  the  miniature  of  that  produced  by  a  long  spiral  wire 
spring.  Such  a  spring  may  he  bent  by  slight  pressures,  but  it  at  once 
resumes  its  straight  form  when  the  pressure  is  relieved,  and  in  either  the 
straight  or  the  bent  form  it  retains  its  spiral  turns. 

This  description  applies  particularly  to  fiuid  preparations  from  a  few 
hours  to  a  few  days  old.  In  quite  fresh  preparations  the  treponema  can 
not  usually  he  seen,  or  if  seen,  recognized.  Flashes  of  very  motile 
organisms  may  be  observed,  and  it  is  a  fair  presumption  that  some  or 
all  of  them  may  be  treponema,  but  the  motion  is  so  rapid  and  the  glimpse 
of  the  organism  so  fleeting  that  no  deductions  can  be  drawn  as  to  mor- 
phological characteristics. 

It  is  important  to  note  (hat  in  fluid  preparations  the  morphology  of  the 
organisms  is  much  more  regular  than  in  stained  ones,  and  it  is  therefore 
probable  that  many  of  the  variations  in  the  latter  class  may  be  due  to 
the  drying  and  staining  process.  This  statement  applies  to  our  ex- 
perience with  both  pallidum  and  pertenuis  and  we  think  that  it  lessens 
the  value  of  the  deductions  based  solely  on  the  morphology  of  stained 
specimens. 

However,  since  the  described  morphology  of  both  Treponema  pallidum 
and  Treponema  pertenuis  heretofore  rested  almost  entirely  on  the  descrip- 
tions of  stained  specimens,  it  is  well  to  consider  such  specimens  here;  but 
it  should  be  borne  in  mind,  that  no  matter  how  many  shapes,  sizes  and 
forms  the  stained  organisms  may  show,  there  is  not  one  of  them  which  can 
not  be  imitated  by  the  use  of  the  spiral  wire  spring  to  which  we  likened 
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those  in  the  wet  preparations,  if  the  spring  be  subjected  to  forces  anal- 
ogous to  those  acting  on  the  treponema  dnring  the  making  and  drying 
of  the  smear. 

The  stained  forms,  presenting  many  variations  as  to  size  and  shape, 
may  be  most  conveniently  described  by  dividing  thciii  into  types  or 
classes.  While  the  length  and  mimlier  of  cun'es  vary  greatly,  the  exam- 
ination of  a  large  number  of  Treponema  pertenuis  shows  the  average 
number  of  curves  to  be  about  eight.  Seventeen  is  the  greatest  number 
counted  on  one  organism,  two  the  smallest.  Many  individuals  show 
only  four  or  five  turns,  only  a  few  have  more  than  twelve.  All  types, 
shapes  and  sizes  stain  witJi  difficulty,  showing  best  with  Giemsa's  stain, 
which  gives  them  a  pinkish- violet  color. 

Type  A  (see  PI.  IV)  is  probably  the  most  common  stained  type  of 
Treponema  pertenuts  as  it  is  of  Treponema  pallidum  Ihis  ma>  be  said 
to  be  the  classical  t\pe  ot  the  latter  but  the  other  formi  to  l>e  described 
for  pertenuis  ma>  also  be  found  for  it 

This  type  is  u^ualh  &tra  ght  oi  but  slightlj  bent,  it  «hows  regular  and 
even  curves  which  are  lerv  hni.  an  1  ttrminatea  m  narrow  pointed  end- 
which  have  been  interpreted  as  fiafjilh  It  itams  e\enli  throughout 
although  the  finch  pointed  ends  vboH  less  distintth  than  the  mam  part, 
probably  becaust  of  thtir  size 

Type  B  is  likewise  iir\  tonnum  and  differs  from  -V  in  haiing  a 
straight  and  usually  thin  (wrtion  in  some  part  of  itb  course  frc-quenth 
near  the  middle  This  appearame  hat,  bein  \ariousli  interpreted  b\ 
different  obseners  principally  as  a  union  of  two  organisms  b^  their 
flagella  in  beginning  agglutination  as  an  incomplete  separation  of  indi 
viduals  resulting  from  longitudinal  division  or  as  biginnmg  or  mcom 
plete  transierse  division 

A  spiral  wire  hpring  may  be  made  to  present  a  similar  appearance  if 
one  or  more  of  its  coils  is  straightened  out  bv  traction  and  pressure 

Type  G  ccire^pondh  most  cioseh  with  that  we  consider  the  unalterid 
form  as  seen  m  wet  preparation"  It  corresponds  to  t\pe  A  e\cept 
that  instead  of  terminating  in  finely  pointe{l  ends  it  shows  a  dot  or  little 
knob  at  one  end  or  often  one  at  each  end  This  is  the  appearance  seen 
almost  uniformly  in  wet  preparations  ind  w<  think  that  it  is  due  to  a 
fight  curling  of  the  endi,  such  as  is  seen  on  the  shoots  of  man\  \oung 
plants.  This  curl  ma^  straighten  out  under  the  influence  ot  age  or 
drying,  and  the  tnd  ma\  then  ippcar  is  i  hneh  attenuated  point  or 
flagellum. 

Type  D  ih  also  lomnion  and  differs  troni  A  and  (  in  that  one  oi  both 
ends,  instead  of  showing  a  hneh  attenuatwl  point  or  blunt  dot  show  a 
ring. 

This  ring  frequenth  appears  thicker  and  heavier  than  the  miin  part  of 
the  body.     ^  ith  the  spinl  w  re  wt  ma\    ibtiin  a  s  njibr  pittire  if  we 
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turn  up  an  end  or  the  ends  of  the  spiral  so  as  to  look  down  through  part 
of  it  and  view  another  part  from  the  side.  That  such  bends  should 
frequently  be  caused  by  the  spreading  and  lirying  of  the  serum  is  readily 
to  be  believed  for  the  reason  that  we  often  see  the  same  thing  entirely 
in  profile,  that  is,  the  spiral  turns  are  still  preserved,  but  the  whole  spiral 
so  bent  as  to  form  two  or  three  sides  of  a  quadrangle. 

Type  E  may  present  the  terminal  features  of  any  of  the  above  but  it 
also  shows  in  its  continuity  &  complete,  circular  loop,  or  more  than  one. 
The  spiral  wire  assumes  a'simiiar  appearance  if  one  turn  be  pressed 
down  or  back. 

Type  F  represents  a  short,  loosely  curved  organisni  attached  to  a  ring 
or  two  rings,  one  at  either  end.  This,  we  think,  differs  from  D  only  in 
the  proportions  of  the  spiral  viewed  from  the  end,  and  in  the  fact  that  the 
part  viewed  in  profile  has  the  regularity  of  its  curves  more  altert^  by  pres- 
sure or  drying. 

Type  0  represents  various  Irregular  forms  which  differ  from  the  more 
characteristic  individuals  in  form  only,  not  in  wize  or  staining  power.  It 
is  possible  to  produce  all  of  them  by  pressure  or  traction  applied  in  various 
ways  to  the  wire  spiral. 

Type  H  embraces  the  individuals  which  show  dots  in  some  part  of 
their  continuity.  These  have  lieen  referred  to  by  various  writers  as 
chromatin  dots,  as  representing  nucleus,  blepharoplast,  etc.  Whether  or 
not  they  be  such,  or  are  merely  kinks  or  twists  in  the  organism,  we  do 
not  know.  We  are  unable  to  determine  auy  constancy  in  the  frequency, 
number,  or  localization  of  their  occurrence,  and  an  analogous  appearance 
may  be  cauBe<]  in  the  wire  coil  by  kinking  or  twisting  it. 

These  various  Ij'pes  may  be  found  pure  or  in  a  great  variety  of  com- 
binations, such  as  B  C,  G  D,  C  D  H,  H  G,  A  H,  etc. 

Types  A,  B  and  C  are  seen  in  the  wet  preparations,  and  of  the  three, 
C  is  by  far  the  most  common.  It  is  unusual  to  see  in  such  preparations 
any  individuals  which  do  not  show  the  knob-like  ends  and  the  regular 
curves  throughout  their  length.  The  other  forms  D,  E,  F,  G,  and  H  we 
have  rarely  or  never  seen  in  wet  preparations,  but  occasionally  we  have 
observed  individuals,  particularly  in  old  ones,  which  presented  a  some- 
what beaded  appearance  that  might  represent  type  H  of  tlio  stained 
specimens. 

MOTILITY. 

In  neither  fresh  nor  stained  specimens  have  we  seen  anything  that  wo 
interpreted  as  an  undulating  membrane,  nor  anything  that  was  differ- 
entiated as  a  flagellum  in  the  distinct  manner  in  which  flagella  are 
differentiated  on  certain  bacteria  or  trypanosomata.  The  motility  of  the 
organisms  as  seen  in  wet  preparations  probably  varies  from  the  extremely 
active  movement  already  mentioned,  which  permits  one  to  sec  a  flash  of 
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ftlancmg  light  but  no  more,  to  a  ^er\  sluggish  motion  which  so  closely 
'.imulates  entire  pas«mt\  t<  to  leave  the  observer  in  serious  doubt  as  to 
whtther  anv  is  present   other  than  that  due  to  currenti  m  the  9erum 

When  motion  ha*,  teased  to  a  sufficient  degree  to  permit  of  the  organ- 
ism being  well  le^ii  and  clearl)  identified  it  is  alwavs  slow  It  con'^ictt. 
of  a  slight  rotation  on  the  axis  of  the  spiral  representing  the  appearance 
of  a  corkscrew  movement  and  a  mild  and  gentle  wa\ing  and  bending  of 
the  entire  organiam  These  two  varieties  of  motion  combined,  eauie  the 
treponema  to  pass  across  the  held  to  rihe  and  sink,  necessitatmg  much 
change  of  focus  or  if  one  eml  of  the  organism  it  attached  to  the  cover 
glash  or  to  foreign  matter  in  the  field  as  11  frequentlj  the  case  to  lasli 
or  to  swing  in  an  indolent  manner  from  this  hxed  point 

This  motion  and  what  »e  tonsidir  the  common  form  of  the  organi&m 
may  best  be  obseried  m  tapillar\  tube  preparations  ibout  one  day  old 
In  that  length  of  time  the  accompanying  bacteria  have  usuiUy  not  multi 
plied  so  greatlv  as  to  occupy  the  large  pait  of  the  field  the>  do  later 
while  the  treponema  have  ceased  to  move  actively  and  ha\e  usually 
increased  m  number  and  are  readily  found  In  the&e  preparation.,  or 
stained  ones  made  from  them,  what  are  most  common^  tilled  the 
dividing  forms  are  more  frequently  seen 

DIVIDING   I'OKMS. 

For  ease  of  description  we  may  designate  tlietie  forms  as  additional 
types  I,  K,  L  and  M. 

Type  I  is  fairly  common  and,  as  indicated  by  Plate  IV  shows  some 
variety  in  the  arrangement  of  its  component  parts.  Essentially  it  con- 
sists of  two  or  more  spirals  which  are  attached  one  to  another  by  their 
ends.  In  some,  this  attachment  is  such  as  to  be  almost  or  quite  indistin- 
guishable from  type  B, 

I'ype  E  is  also  quite  common  and  differs  from  I  in  that  the  attachment 
is  firmer  and  involves  a  greater  part  of  the  length  of  the  parasite.  It 
is  as  though  the  wire  of  the  spiral  had  been  split  throughout  a  quarter, 
a  half,  or  three  quarters  of  its  length,  the  turns  being  preserved.  How- 
ever, the  two  sections  of  the  spiral  are  frequently  unequal  in  length.  The 
appearance  presented  in  such  cases  has  been  figured  by  Siedlecki  and 
Krjstalowicz(23)  as  representing  conjugation. 

Type  L  is  probably  the  most  striking  and  pretty  form  to  be  seen. 
Here  the  two  component  parts  are  intertwined  throughout  their  length, 
the  two  ends  at  one  extremity,  however,  being  free.  Occasionally  all 
four  ends  are  free,  but  more  commonly  those  at  one  extremity  are  fused, 
or  they  take  their  origin  from  a  common  dot  or  knob. 

These  types,  I,  K,  and  L,  have  usually  been  considered  indicative  of 
longitudinal  division,  and  they  so  appear  to  us. 
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However,  some  writers,  particularly  Novy  and  Knapp(24),  have  con- 
sidered it  possible  that  division  of  Treponevui  may  be  by  transverse 
fission,  and  type  M,  which  is  very  rare,  would  seein  to  be  an  example. 
In  this  type  we  see  what  looks  like  one  organiMn  but  it  Rhows  a  break 
in  its  continuity.  More  than  one  break  rarel}  occurs  Whether  these 
apparent  breaks  are  really  such,  or  are  merely  artefacts,  we  do  not  know. 
They  usually  appear  like  the  latter.  We  ha\e  seen  the  appearance  indi- 
cated both  in  stained  preparations  and  in  photomicrographs,  but  not  in 
wet  specimens. 

VIABILITY. 

We  have  found  treponema  which  showed  slight  motion  and  preserved 
their  forms  in  a  capillary  tube  preparation  of  serum  made  thirty-four 
days  prior  to  the  time  of  its  examination ;  apparently  the  organisms 
were  alive  but  we  made  no  inoculations  with  them.  The  bacteria,  which 
had  been  very  numerous  in  other  preparations  made  at  tile  time,  but  not 
kept  so  long,  had  so  far  as  we  could  see  all  died,  leaving  a  pure  culture 
of  Treponema  pertenuis. 

Undoubted  motion  is  preserved  by  organisms  in  tube  preparations  for 
a  period  of  several  days,  although  it  is  always  sluggish  after  a  few  hours 
and  often  after  one  hour  or  less. 

CULTIVATION. 

At  the  suggestion  of  Dr.  Miyajima  we  studied  capillary  tube  prepara- 
tions of  the  serum  from  yaws  lesions,  in  the  hope  of  obtaining  aggluti- 
nation of  the  treponema,  as  Dr.  Miyajima  said  that  he  had  obtained  it 
in  similar  preparations  from  chancres.  Our  hopes  in  that  direction 
wore  speedly  realized,  as  we  obtained  marked  clumping  in  the  first  one 
we  made.  These  tubes  were  examined  on  the  second,  third  and  fourth 
days. 

We  have  not  since  had  an  opportunity  to  discuss  the  matter  with  Dr. 
Miyajima,  and  therefore  are  not  quite  sure  as  to  what  he  meant  by  the 
term  "agglutination."  K  he  used  it  as  meaning  merely  the  aggregation 
of  already  existing  organisms  into  clumps,  we  think  that  his  statement 
was  not  sufficiently  broad,  as  it  is  our  opinion  that  the  numbers  of 
treponema  in  such  preparations  are  greatly  increased  after  one  day  to  a 
week.  - 

Usually,  the  increase  is  manifest  within  2i  hours;  however,  at  times, 
it  takes  place  more  slowly  and  may  only  become  well  marked  after  several 
days.  The  increase  in  numbers  and  the  clumping  are  both  almost,  but 
not  quite,  constant ;  of  the  two  increase  is,  in  our  opinion,  the  more  so. 
We  obtained  a  similar  result  in  one  of  the  two  cases  of  syphilis  in  which 
we  made  the  same  experiment  with  serum  from  the  chancre. 

It  is  diffieiiU  to  determine  accurately  whether  a  smear  preparation 
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containing  scattered  treponema  has  as  many  organisniR  as  another  pre|)- 
aration  in  which  they  are  in  clumps.  Novy  an<l  Knapp,  who  descrilie 
agglutination  of  Sph-Uhtm  ohftitieiei-i  say  that  in  the  case  of  that  organ- 
ism there  is  no  increase  in  number.  Counts  lieing  out  of  the  question, 
the  obsorvers'  estimate  must  be  relie{l  npon.  Our  l(elief,  based  on  many 
examinations  of  sera  made  on  the  first,  second,  and  third  clays,  etc., 
is  that  in  most  instances  Treponema  pertenuis  multiplies  greatly  when 
kept  in  the  serum  in  capillar}-  tubes,  ami  in  some  instances  the  in- 
crease seems  to  occur  without  the  agglutination.  Our  opinion  that 
the  organisms  multiply  in  such  preparations  is  based  not  only  on  the 
greater  number  of  them  found  in  the  tube  preparations  as  compared  with 
smears  made  at  the  same  time,  but  also  on  the  appearance  of  the  clumps 
;md  the  great  preponderance  of  what  we  consider  dividing  forms  as 
deseril>ed  under  types  I,  K  and  L.  The  nature  of  some  such  clumps 
and  dividing  forms  are  shown  in  the  accompanying  jihotomicrographs 
(PI.  1,  figs.  5  and  6.) 

Exceptionally,  neither  multiplication  nor  agglutination  developed  in 
the  tubes,  and  the  failures,  while  infrequent,  are  somewhat  irregular  and 
do  not  admit  of  what  we  consider  a  thoroughly  satisfactory  explanation 
However,  in  general  terms,  we  are  of  the  opinion  that  they  are  due  to 
one  or  both  of  the  following  reasons : 

First.  Variability  in  the  immunity  of  the  yaws  patient  and  m  the 
ajuount  of  antibo<lies  contained  in  the  serum;  possibly  the  \ariabiliti  of 
immunity  may  even  be  local,  or  toxins  elahorated  by  bacteria  ma\  hi, 
present  locally  to  inhibit  the  growth.  An  interesting  oliseriation  which 
may  bear  on  this  point  was  made  in  a  case  of  syphilis. 

Serum  from  -a.  chancre  was  taken  up  in  tubes  on  Monday.  The 
chanere  was  then  washe<l  with  bichloride  solution  and  dressed  with 
calomel.  On  Tuesday  it  was  thoroughly  cleaned  and  more  serum  placed 
in  tubes.  The  tubes  of  Monday  showed  marked  increase  and  clumping 
of  treponema,  those  of  Tuesday,  neither.  'I'lic  patient  was  not  taking 
any  general  treatment. 

Second.  Variability  in  the  bacterial  content  of  the  tubes  and  conse- 
quently in  their  content  of  soluble  tosins. 

While  it  is  readily  possible  to  make  fresh  smear  preparations  of  yaws 
serum  which  show  very  few  or  no  liacteria,  it  has  not  been  possible,  in 
our  experience,  to  obtain  a  serum  really  free  from  these  organisms,  and 
in  the  sealed  tubes  they  multiply  enormously.  However,  the  fact  that 
both  multiplication  and  clumping  occur  in  the  gi-eat  majority  of  tubes 
encouraged  us  in  the  idea  that  we  might  cultivate  the  treponema  indefi- 
nitely, and  as  the  favorable  medium  seemed  to  be  the  serum  of  sus- 
ceptible persons  or  animals,  we  endeavored  to  obtain  growth  on  monkey 
blood  and  on  ascitic  fluid  from  a  patient  who  was  suffering  from  cirrhosis 
of  the  liver  who  also  gave  a  history  of  syphilis.     The  ascitic  fluid  was 
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used  in  two  ways,  plain  and  heated  to  fifl"  ('.  for  thirty  minutes  to  destroy 
complement.  In  none  of  these  media  did  we  olitain  any  growth  of  the 
treponenia,  although  luK-teria  developed  in  all. 

However,  we  did  not  have  the  opportunity  to  TC])eat  those  experiments, 
and  we  are  not  eonvincetl  that  cultivation  of  the  treponenia  Ib  iniposaible. 

I'ATdOOKNKSlS. 

It  has  been  stated  \n  differtnt  authors  that  yaws  is  inoculable  on  lower 
animals,  notabh  cats  and  monXe\s  and  that  it  is  inoculable  from  person 
to  person.  We  ha^e  mad(  no  innenlation  experiments  on  persons,  and 
Dime  on  lower  anmiah  otlur  than  nionke\s  (Cynomolgn*  phihppinensis 
Geoff.).  Of  these  we  inoculated  five  uwng  serum  from  the  yaws  of 
three  different  patients.  All  fi^t  of  the  monkeys  developed  >aws  lesions 
of  a  sufficiently  chara<'teristi(  appearance  to  permit  of  diagnosis  based 
on  that  feature  alone. 

In  addition  to  this  typical  appearance  we  found  Irepomma  perteniii'' 
in  all  of  the  lesions.  The  organisms  did  not  differ  in  anv  demonstrable 
way  from  those  seen  in  serum  from  human  legions  In  numbers  meas 
tirements,  staining  reactions,  shape  and  motion  they  were  similar 

However,  the  monkei's  did  niit  show  the  secondary  lesions  of  a 
generalized  infection,  nor  could  wt  in  the  instance  in  whah  we  tried  it 
induce  yaws  in  other  monkeys  In  inoculating  them  with  the  blood  or 
splenic  juice  of  an  infeeteil  animal  The  \awa  legion  did  spread  and  m 
that  way  give  rise  to  what  might  be  termed  lecondary  le«ion^  but  thih 
was  always  by  continuity  and  we  ob8crye<l  no  endence  to  make  us  think 
that  it  was  ever  through  a  general  blood  or  lymph  infection 

HIOI/)GIf!AI,   POSITION   OK   TltEPONEMA    PERTEN1II8. 

We  see  no  reason  to  doubt  that  the  biological  position  of  Treponema 
perlentiis  is  as  close  to  that  of  Treponema  paUidnm  as  one  species  may 
be  to  another.  The  almost  overwhdming  weight  of  scientific  opinion 
Ht  the  present  time  seems  to  leave  the  latter  organism  where  Schaudinn 
placed  it,  among  the  Protozoa. 

However,  its  protozoal  nature  is  not  universally  accepted,  and  prohably 
will  not  lie  for  some  time  to  come.  Our  opinion  is  that  both  organisms 
are  protozoal,  but  while  so  eminent  a  zoologist  as  Stiles(25)  concedes  to 
others  the  right  to  regard  paUidtim  as  of  vegetable  nature,  we  feel  that 
we  may  safely  grant  the  same  latitude  in  respect  to  Treponema  pertenuis. 
What  we  believe  to  lie  more  imme<Iiatelj  important  and  more  easily 
determinable  are  the  following  propositions: 

First.  Tliat  Treponema  pertemus  is  constantly  found  in  the  serum 
from  vaws  lesions. 
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Second.  That  it  can,  at  the  present  time,  be  differentiated  from  Tre- 
ponema pallidum  only  by  the  consideration  of  the  lesion  from  which 
it  is  obtained,  or  by  the  inoculation  of  certain  animals. 

Third.  That  its  many  forms  in  stained  preparations  are  all  explainable 
on  the  supposition  that  it  is  a  regular  spiral,  often  deformed  by  the 
forces  or  processes  concerned  in  the  spreading,  drying  and  staining  of 
the  smears. 

Fourth.  'That,  as  will  be  shown  more  fully  in  Part  II  of  this  paper, 
the  inoculation  of  serum  containing  this  organism  causes  yaws  in  mon- 
keys, and  that  the  organism  is  again  found  in  the  lesions  of  the  in- 
oculated animals. 

Fifth.  That  Treponema  pertenuis  is  the  cause  of  yaws. 


THE   EXPERIMENTAL   PUODUCTION   OF    YAWS   IN    MONKEYS. 

Historical.- — The  litornture  relating  to  the  production  of  frambceaia  in  monkeys 
by  tlie  inoculation  of  material  from  the  lesions  of  the  disease  is  very  limited 
and  so  far  as  we  have  been  able  to  determine  Neisser,  JBaeiinan  and  Halberstadt«r, 
working  together  in  Batavia,  .Tava,  and  Caatellani,  in  Colombo,  Ceylon,  have  been- 
the  onlj  in\eatigatora  to  priduce  the  disease  in  these  animali  To  Lastellani 
belongs  the  credit  of  demonstrating  Treponen  a  ppitenuts  in  the  experimental 
lesions  in  monkejs  the  other  in\eBtigator8  mentioned  not  searching  for  the 
<rgani8m  althougl  in  their  report  they  mention  Castellani  a  dis  overy  ff  a 
Hpiroihfeta  in  the  lesions  in  min 

Neisser  Baerman  and  Halheratidtei  (20]  mnculaied  seien  moi  keyi  with  serum 
from  laws  papules  the  inoculation  being  made  up  n  the  breatt  and  oier  tie 
ejebroH  b>  rubbing  the  in{ecti%e  material  into  small  abrasions  in  the  regions 
mentioned  Prambitaia  developed  in  all  jf  the  animals  the  incubation  period 
varjing  frtm  thirteen  to  fouiteen  days  in  two  Gibbons  to  9b  days  in  Maeaccus 
In  the  latter  five  in  all  the  ittubatiun  period  was  twenty  two  thirty  one  sixty 
hve  ninety  one  and  mnety  six  (iaja  respectivelj  tso  called  secondary  lesions 
developed  in  three  of  the  animals  fortj  forty  nine  and  seientj  days  aft^r  tie 
primxrj  leai  ns  had  appealed  tie  authort,  stating  that  the  seundary  lesions 
always  appeared  up(n  the  site  of  the  initial  one  mi  e\tended  in  i  serpiginous 
manner  into  the  surrounding  skin  ihej  did  ntt  obserie  i  generalized  eruption  id 
any  of  tl  e  animals  They  also  iiio<ulated  seven  monkeys  (  Varacus  temestnn  M 
ntqet  and  M  eynomolgns)  with  material  fr(m  yaws  papules  in  monke>s  Buffering 
from  the  disease  In  only  one  of  these  animals  (if  ntger}  inoculated  from  a  V 
nemeslrtn  did  the  disease  develop  after  an  incubation  period  of  thirty  four  days 

The  authors  then  endeavored  to  produte  the  disease  in  mtnkeis  by  Bubcuta 
neous  inoculation  of  a  mixture  of  splenic  juice  bone  mtrron  and  lymph  glands 
from  a  Qtbbon  suffering  from  j  iws  Ihey  injected  three  H  cynomolgus  with 
negative  results  in  all  Inoculation  of  tl  ree  monke>s  <f  the  same  species  with 
splenic  pulp  and  three  with  the  bone  marrow  frjm  an  infected  M  ei/yiomolgua 
resulted  in  one  of  tie  three  inoculated  with  bone  marrow  developing  frambiesia 
after  an  incubation  perind  of  fortv  four  davs 

These  investigatois  also  demonstrated  tliat  monke>s  Buttesafully  inoculated 
with  syphilis  developed  framb<esia  upon  inoculation  In  ne  instance  a  monkev 
{M  mger)  was  inoculated  upon  April  17  with  syplnlis  and  developed  the  primary 
syphilitic  lesion  upon  May  13      On  Maj   'S  the  same  monkev  was  inoc  ilated  with 
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framlxp^ia  and  the  tjpiial  jaua  papule  developed  at  the  site  of  itioculatiuii  upon 
Vugust  I  Another  monkey  (J/,  cynomolgua^  was  inoculttted  September  23  with 
fiambresia,  and  on  October  35  with  syphilis.  Upon  November  8  a  typical  yaws 
papule  appeared  at  the  site  of  jnociilation,  while  on  November  16  the  characteristic 
ayphilitiL  leaion  appeared 

From  their  experiments  the  authors  mentioned  draw  the  following  conclusions: 

1.  FrambcBsia  is  inuculable  from  man  to  higher  and  lower  apes, 

2.  Framhtesia  is  inoi'ulable  from  ape  to  ape. 

S.  Infection  in  monkeys  following  inoculation  of  the  bone  marrow  proves  that 
frambiesia  ia  a  general  and  nc)t  a  local  disease. 

4.  Apes  infected  with  syphilis  are  susceptible  to  frambcesia. 

Castellani  127)  inoculated  four  Ceylon  monkeys  (species  not  given)  with 
frambcEsia.  Only  one  of  these  developed  the  disease  after  an  incubation  period 
of  nineteen  days,  A  small  papule,  which  enlarged  slowly  and  became  covered  with 
a  crust,  developed  at  the  site  of  inoculation.  Two  months  later,  the  original 
papule  being  atill  present,  four  others  appeared,  two  upon  the  forehead  near 
the  first  lesion,  and  two  upon  the  upper  lip;  one  of  these  papules  disappeared  in  a 
few  daya,  but  the  other  three  enlarged  slightly,  hecame  moist  and  a  yellowiah  crust 
formed  over  each.  At  the  end  of  three  months  all  of  the  leaions  had  healed.  In 
the  scrapings  from  the  lesions,  Treponema  pfrlenuis  was  demonstrated  repeatedly. 

SJK  weeks  after  the  disappearance  of  the  yaws  lesions  this  monkey  was 
inoculated  with  syphilis,  and  sixteen  daya  later  a  typical  syphilitic  lesion  de- 
veloped, accompanied  by  general  glandular  enlargement. 

The  positive  results  obtained  by  the  investigators  whose  work  we  liave 
briefly  reviewed,  led  ua  to  repeat  partially  their  experiments  with  a  view 
of  determining  if  the  native  monkey  of  the  Philippines  Cynomolgua  phti- 
ippinen^is  Geoff  could  be  infected  with  frambopsia  and  of  addmg,  if 
po'isible,  something  to  our  knowledge  concerning  the  diseise  as  observed 
in  these  animals  and  the  relation  of  Treponema  pertetiuis  to  the  lesions 
produced  bv  experimental  inoculation  While  our  observations  can  not 
be  tonsidered  as  completed  we  believe  the  results  so  far  obtained  are  of 
mtPrcbt  and  should  be  put  upon  record  In  the  mam  our  work  has  eon 
firmed  the  re^iults  of  the  above  mentioned  investigatori  and  we  believe  we 
are  ]n=tifaed  in  asserting  that  framlxcsia  la  easily  moculable  from  man 
to  monkeji  and  that  Trtponema  pertenuis  is  constantly  present  in  the 
active  experimental  lesions  and  stands  m  a  causal  relationship  to  them 

Mateital  and  melhuds — The  monkeys  used  in  our  experiments  were  all 
Cynomolotis  phtlipptnenst'  Geoff  the  common  native  monkey  of  the  Philippine 
Inlands  We  haie  experimented  with  eleven  monkevs  the  inoculations  in  such 
animals  being  both  b\  the  subcutaneous  pocket  method  and  by  \accination  that 
la  rubbing  a  little  of  the  yaws  serum  into  slight  abrasions  upon  the  akin  The 
site  of  inoculation  was  generally  the  skin  of  the  abdomen  and  forehead  but  the 
inside  of  the  thigh  was  used  in  inoculating  with  syphilitic  serum  The  method 
by  vaccination  proved  in  our  experience  slightly  more  suiceaaful  than  the  sub 
cutaneous  pocket  method  but  it  is  probable  that  if  a  larger  number  of  animals 
were  used  there  would  be  f'und  to  be  no  differenie  in  the  results  obtained  In 
every  inatance  of  suices^ful  moiulation  the  slight  wounds  healed  rapidly  and 
the  site  of  incculation  appeared  normal  until  the  development  of  the  yaws  papules 
at  periods  varying  from  sixteen  to  thiitv  fi^e  of  forty  five  days  after  the  inocula 
tion  The  serum  used  in  making  the  inmulations  was  u1  tamed  in  the  mmner 
already  described  for  securing  smears  for  staining 
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In  searcbiiig  for  Tiepoiiemn  pertenuie  in  the  lesions  in  monkeys  the  same 
iiietliodH  of  securing  specimens  of  the  aerum  and  staining  tliem  were  used  as  have 
been  alreait;  described  in  Part  I  of  this  report. 

We  also  endeavored  to  secure  cultures  of  Treponema  pertcimia  frotn  the  lesions 
in  nionlteys,  usiiif;  methods  similar  to  those  employed  in  our  endeavors  to  cultivate 
the  organium  fivin  hunian  lesions. 

In  considering  tliu  ox  peri  mental  prodnetion  of  frambcesia  in  these 
animals  we  were  desirous  of  investigating  manv  problems  intimately 
connec-ted  with  the  subject,  aside  from  the  mere  successful  result  of  in- 
oculation, and  while  we  have  attenipteil  to  solve  some  of  them,  we  do  not 
feel  justified  as  yet  in  expressing  an  opinion  regarding  our  results  in 
certain  directions.  This  is  especially  tnie  of  onr  experimente  regarding 
re-infection  and  the  local  or  general  nature  of  the  disease  as  it  is  observed 
in  monkeys  in  general,  for  our  experiments  in  these  directions  are  too 
few  to  be  of  definite  value,  although  they  are  suggestive.  The  following 
protocols  of  onr  inoculations  include  those  already  completed  and  thos^e 
in  which  it  is  too  early  as  yet  to  predict  the  result. 

PROTOCOLS   OF   TllK   KXl'ERIMENTS. 

ilimUg  Vo  1  (3070)  —This  monkev  uab  inoculated  n  Febiuar}  10  190T 
with  seiuni  fiom  e.  topical  jans  papule  in  a  >ouiik  Filipina  girl  A.  aul) 
(utaneous  pocket  inoculation  tvas  made  in  the  skin  of  the  abdomen  and  some 
of  tie  wruni  nan  rubbed  into  a  wanfled  urea  ovei  tlie  left  e*ebroH  Smears 
<f  the  serum  prepared  at  the  time  the  inoculation  «as  made  showed  numerous 
examples  uf  TTeponen  a  pertenuxs  Ihe  inoculation  wound  he  tied  rapidly 
and  the  animal  a).peared  normal  until  Alarch  4  when  a  small  papule  coierel 
nith  a  jelluwish  crust  was  noticed  at  tie  point  of  the  inoculation  up<  n  the 
ab  I  men  the  trust  nas  remo\ed  and  smears  mode  from  the  seiuni  I  ilI 
exuded  from  the  minute  granulations  4ii  eiami nation  of  thee  smeais  demon 
strated  the  presence  of  Trepuitma  jeitenuu  in  large  numbers  The  period 
(f  imuhation  nas  tbout  sixteen  daja  Lpon  March  H  a  small  crusted  pap  ilc 
lad  appeared  at  the  point  of  inoculation  o\er  the  left  ejebr  v  and  smears 
f  serum  fi  ini  this  lesion  also  showed  Tteponema  pertenuis  Both  the  lesions 
enlarged  slowlj  espetiallv  the  abdominal  one  and  healing  in  the  center  ex 
tended  in  a  circular  manner  into  the  surrounding  healthy  akm  The  lesion 
upon  tlie  head  had  disappeared  ly  ^laj  14  but  the  abdominal  lesion  persisted 
until  Ma}  2S  Duration  uf  the  disease  eighty  twi.  days  On  May  15  this 
inimil  st  II  showing  jaus  papilloma  upon  the  abdi  men  was  inoLulateJ 
«ith  serum  from  a  clamre  which  mntaii  ed  numeruna  Tieponemo  pallidum 
A  subcutaneous  pocket  inoculation  »as  made  in  the  skin  of  the  abdomen  and 
in  addition  some  of  the  serum  from  the  cliancre  was  rubbed  into  an  abrasion 
upon  the  inside  of  the  left  thigh  No  results  have  Eolloned  these  inoculatioiH 
to  date   June  30    1907 

Monkey  Vo  i  (3071)— On  Febiuary  H.  1907  this  ammal  was  inocu 
lated  Buhcutaneoush  on  tie  ibdomen  tnd  tl  rtugh  an  abrasion  over  the  left 
eyebrow  with  aeium  fiom  a  ja«s  tuberde  from  the  same  ease  as  moiike\ 
No  1  (3070)  On  Mard  H  a  small  crusted  papule  was  obsened  at  the 
site  of  inoculation  on  the  head  nbicb  gradually  enlarged  until  it  reached  the 
size  (t  a  smill  hazelnut  a  topical  jellowish  crust  developed  whicl  upon 
lemo^al  disclosed  tie  characteristic    pink   granulating  aurfite     f  a  laws  papil 
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luniu.  Irlxaiiiiiiutioii  of  the  serum  from  tlie  legion  demonstrated  rejienj^edly 
the  preMcnce  of  Treponfiiia  jiertenvis.  The  intubation  period  in  tliis  chbp 
n-as  twenty  (Ibj-h.  The  lesion  had  entirely  ditia]»peared  on  May  2.  thus  niakinB 
the  duration  of  the  disease  fifty-six  days.  On  Itlny  16  this  animal  was  re 
iiio<'utated  with  yaws  serum  tlirough  a  nuheiitaiieous  pocket  upon  the  ahdiinieii 
and  an  abrasion  iner  tlie  ri^ht  eyebrow.  Ko  lesion  }ias  nppeareil  to  date.  Jwiie 
30.  upon  the  abdomen,  but  the  inoculation  wound  o%er  the  riffht  eyebrow  sup- 
purated and  a  deeply  excavated  uleer  resulted.  Repeated  examinations  of  the 
material  from  tl)e  ulcer  have  always  resulted  negatively  for  Treponemo  pertennin. 

Monken  .Vo.  3  (3072).— This  animal  was  inoculated  February  28,  1B07,  with 
serum  from  a  yaws  tubercle  on  a  native  woman,  the  inocnlatiou  beinj;  made  upon 
the  abdomen  and  over  the  left  eyebrow  in  the  manner  described.  The  serum 
UHed  contained  many  examples  of  Trfponfma  pertenuia.  On  March  S  after  an 
incubation  period  of  twenty  (lays,  a  small,  crusted  papule  was  noticed  at  the  site 
of  inoculation  U|Hin  both  the  abdomen  and  the  head.  Both  lesions  enlarfi^it, 
became  covered  with  a  typical  crust,  anil  the  examinations,  which  were  made 
repeatedly,  were  always  |K>9itive  for  Treponema  perlenuia.  This  monkey  did  not 
stand  close  confinement  well,  became  weaker  and  weaker,  and  was  chloroformetl 
on  March  18.  ten  days  after  the  appearance  of  the  yaws  legion.  At  autopsy  the 
viscera  appeared  normal,  but  the  cervical  and  inguinal  glands  were  slightly  en- 
larged. The  yau's  tubercle  upon  the  abdomen  measured  1  by  0.75  centimeters, 
was  considerably  raised  above  the  surrounding  skin  and  covered  with  a  yellowish 
crust.  The  lesion  upon  the  head  was  ]..'>  by  I  centimeter,  and  was  very  typical 
of  the  yaws  papilloma  as  seen  in  nian.  The  pathologic  material  was  handed  to 
Dr.  H.  T.  Marsliall,  pathologist  of  the  Bureau  of  Science,  for  examination. 

Monkey  No.  (  13073)  was  inoculated  February  20,  1607.  upon  the  alxlomen  and 
over  the  left  eyebrow  in  the  manner  described,  with  serum  from  a  yaws  tubercle 
in  a  native  woman.  Ui>on  March  8,  twenty  days  after  inoculation,  a  typical 
yaws  papule  developed  at  the  site  of  vaccination  upon  the  head,  'iliis  lesion 
enlarged  slightly,  became  covered  with  the  characteristic  crust,  and  the  evaniina- 
tion  of  the  serum  from  the  granulation  tissue  revealed  upon  the  renxiial  of  the 
crust  showed  the  presence,  repeatedly,  of  a  few  Treponema  perienuiti.  By  April 
IIS,  the  lesion  had  healed,  the  duration  of  the  disease  being  about  thirty-nine 
days.  On  May  15,  this  animal  was  inoculated  upon  the  abdomen  and  right 
thigh  with  serum  from  a  chancre  shtiwing  many  examples  of  Treponema  pallidum. 
No  results  have  been  obtained  from  this  experiment  to  date.  .Tune  30,  1007. 

Monkey  7io.  -i  (A).— Thii  animal  was  inoculated  April  10.  1907.  upcm  the 
abilomen  and  right  eyebrow,  with  serum  from  a  yaws  tubercle  in  a  leper  woman, 
the  inoculation  upon  the  head  being  Hubcutaneous.  upon  the  abdomen  by  rubbing 
the  serum  into  a  slight  abrasion.  No  lesion  appeared  upon  this  monkey  until 
Afay  29.  when  a  we!  I -developed  papule  about  1  centimeter  in  diameter  and  covered 
with  a  thick,  yellowish  crust  was  observed.  This  lesion  had  evidently  existed  for 
several  days,  so  that  the  incubation  period  is  uncertain,  probably  between  thirty 
five  and  forty-five  days.  Upon  removal  of  the  crust  the  typical  pink,  rasp- 
Irerry-like  growth  was  well  marked  and  examination  of  the  serum  from  the  lesion 
demonstrated  Treponema  perteHuiK.  In  this  case  the  lesion  enlarged  but  slightly 
and  by  June   12  had  disappeared,  the  duration  uf  the  disease  being  about   two 

Monkey  .\o.  fi  (3109). — This  monkey  was  inoculated  on  March  18  by  the 
subcutaneous  pocket  roethoil  upon  the  abdomen  and  through  an  abrasion  upon 
the  forehead,  with  blood  from  the  heart  of  monkey  No.  3  13072).  obtained  at  the 
time  of  autopsy.     No  lesions  have  developed  in  this  animal  to  date:.  June  30,  1007. 

Monkey  No.  7   (3110).— Was  inoculated  MajrcJi   18,  1907,  in  the  same  manner 
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as  monkey  Ko.  0  (IJ109)  with  splenic  juioe  from  monkey  No.  3  (3072)  obtained 
at  autopsy.  No  lesions  have  developed  in  this  animal  to  date,  June  30,  1907,  but 
there  is  marked  enlargement  of  the  inguinal  lymphatic  glands. 

Monkey  No.  8  (3U1). — Inoculated  as  above  with  serum  from  the  yawa  lesion 
upon  head  of  monkey  No.  3  (3072)  obtaineil  at  the  time  of  autopsy,  March  18. 
This  animal  was  in  a  weakened  condition  from  continued  confinement  at  the  time  of 
inoculation  and  died  on  April  6,  nineteen  days  aft«r  the  inoculation.  No  lesions 
of  yaws  had  appeared  at  the  time  of  death  and  the  autopsy  did  not  show  anything 
of  interest  beyond  enlargement  of  the  spleen,  liver,  kidneys  and  the  lymphatics 
of  the  abdomen. 

Monkey  No.  9  (B)  — This  animal  was  inoculated  April  U  in  the  manner 
already  described  with  yaws  fieriim  from  a  \e\n.r  w(man  the  serum  having  been 
kept  in  a  glase  capillary  tube  for  three  dtijs  No  lesions  hive  appeared  in  this 
monkey  to  date,  June  30    1907 

Monkey  No.  10  |C) —Inoculated  tl  r  ugh  a  -lulicutanec  u"  pocket  upon  the 
abdomen  May  15  and  through  an  abrasion  upon  the  mil  le  f  left  thigh,  with 
serum  from  a  chancre  showing  very  numerous  examples  of  Iteponema  perlenuis. 
No  lesions  have  appeared  to  date  June  iO   1907 

Monkey  No.  11  (D|  — Inoeulited  Mav  IS  in  the  uime  manner  as  monkey 
No.  10.(0)  with  lerum  from  a  chancre  showing  the  presence  of  Tieponema 
politiium.     No  lesions  have  appeared  m  tl  is  monkey  to  date   June  30,  1907. 

The  two  latter  animals  were  wed  aa  ontrols  to  our  in  nulation  of  -.vphilis  in 
yaws  monkeys  No.  1   |30iO)  and  No.  4  (30(3). 

SUMHAHT. 

The  protocols  given  show  that,  in  all,  elovon  monkeys  have  been  used 
in  our  experimental  work.  Of  these,  five  were  inoculated  directly  with 
serum  from  human  yaws  lesions;  one  with  serum  from  a  liuman  lesion, 
the  serum  having  been  kept  in  a  glass  capillary  tube  for  three  days ;  one 
with  blood  from  the  heart  of  a  monkey  that  had  developed  yaws;  one 
with  splenic  juice  from  the  sarne  monkey ;  one  with  serum  from  a  yaws 
papilloma  in  a  monkey;  and  two  with  serum  from  a  primary  syphilitic 
lesion.  In  addition,  one  monkey  after  recovery  from  yaws  was  reinocu- 
lated  with  human  yaws  serum,  and  i:wo  after  recovery  were  inoculated 
with  syphilis.  As  regards  results;  of  the  five  monkeys  inoculated  with 
yawa  serum  taken  immediately  from  the  human  lesions  all  developed 
typical  yaws  tubercles;  the  animal  inoculated  with  serum  from  a  yaws 
lesion  in  a  monkey  died  before  the  period  of  incubation,  as  shown  by  our 
experiments,  had  expired;  the  monkey  rcinoculated  with  yaws  after 
recovery  has  developed  no  lesions.  Lastly,  in  not  one  of  the  four 
monkeys  inoculated  with  syphiiis  have  any  lesions  developed, 

PERIOD  OF   INCUBATION. 

As  will  be  seen  upon  referring  to  the  protocols,  the  period  of  incuba- 
tion of  yaws  in  the  monkeys  we  experimented  with  varied  from  sixteen 
to  about  forty- five  days,  but  it  should  be  understood  that  this  is 
only  approximate,  as  owing  to  the  distance  of  the  location  of  the  animals 
from  us  and  pressure  of  work,  the  animals  were  not  inspected  every  day 
and  thus  the  lesions  may  have  existed  a  short  time  before  they  were 
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noticed.  However,  tlie  limit  of  error  in  tliis  respect  is  small  and  of  no 
practical  importance.  The  approximate  period  of  incubation  in  our  five 
successful  inoculations  was  as  follows : 

Monkey  No.  1   (3070) '[q 

MSnkey  No.  2   (3071) 20 

Monkey  No.  3   (3072) 20 

Monkey  No.  4  (3073) 20 

Monkey  No.  5   |A) 35  to  46 

In  the  case  of  monkey  No.  5  (A),  the  vaws  lesion,  when  first  noticeil, 
was  about  the  size  of  a  small  pea  and  had  obviously  been  present  for  a 
number  of  days. 

Comparing  our  results  with  these  of  Neissor,  Baermann  and  Hal- 
berstadter(38),  it  is  noticeable  that  in  our  monkeys  the  period  of  incuba- 
tion was  mneh  shorter,  as  a  rule,  although  the  same  low  type  of  animal 
was  used.  Indeed,  the  incubation  period  of  yaws  in  Cynomolgus  phil- 
ippinensis  Geoff.,  approaches  more  nearly  that  in  Gibbons,  as  is  shown 
by  the  investigators  mentioned.  Thus,  in  the  lower  types  of  monkeys  used 
by  them,  the  incubation  period  in  five  animals  was  found  to  he  twenty-two, 
thirty-one,  sixty-five,  ninety-one  and  ninety  six  dais  respectively  whik 
in  only  one  of  our  five  animals  did  it  probabh  exceed  twenty  davs  If  we 
add  to  this  result  the  probability  that  the  leeions  m  all  of  our  cases  mai 
have  existed  for  a  day  or  two  before  the\  were  noticed,  thus  shortening 
the  period  of  incubation  still  further  the  difference  in  our  results  and 
those  in  the  German  commission  becomes  more  noticeable  The  regula 
rity  of  the  period  in  our  animals  is  also  worthy  of  notice  four  of  them 
developing  the  disease  between  the  fifteenth  and  twentieth  day  after 
inoculation. 

Duration  of  the  disease. — In  the  five  monke)s  m  which  ne  produced 
frambcesia  by  inoculation  the  duration  of  the  leiion  was  as  follows 

Monkey  No.  I  (3070),  eighty-four  days  ^o  2  (30"l)  fiftv  seven  daya  No  3 
(3072),  ten  days  (this  animal  was  chloroformed  while  the  lesions  were  still 
active)  ;  No.  4  (3073),  thirty-nine  days;  No   5  (A)    fourteen  to  twentv  one  days 

It  was  invariably  our  experience  that  m  the  more  seiere  cases  the 
primary  lesion  tended  to  spread  into  the  surrounding  skin  and  the  more 
marked  this  tendency  was,  the  longer  tht  disease  lasted  ^e  failed  to 
observe  any  general  glandular  enlargement  or  anv  svmptoms  pointing  to 
a 'general  infection. 

The  lesions  of  ftmnbixsia  as  ohsened  in  monkey, — The  lesions  pro 
duced  by  the  experimental  inoculation  or  frambcesia  in  monke>a  do  not 
differ  essentially,  in  their  morphology,  from  those  occuring  in  the  diseast, 
in  man,  but  we  have  never  observed  the  secondary  or  generalized  erup 
tion,  which,  according  to  most  authors,  follows  the  primary  lesion  in 
the  human  subject.  Neisser,  Baermann  and  Holberstadter  regard  as 
secondary  eruptions  the  extension  of  the  infection  from  the  site  of  the 
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original  lesion  aod  in  one  of  our  animals.  Monkey  No.  1  (3070),  such 
an  extension  occurred  However,  we  do  not  believe  the  new  lesions  so 
produced  to  constitute  i  secondary  eruption  but  ''imply  to  be  an  mn^jon 
of  the  contiguous  health)  tiijsue  by  the  organism  causing  the  diseafe, 
that  is,  the  treponema  Casteliani  appears  to  ha\e  'secured  true  second 
ary  lesions  situated  at  a  distante  from  the  original  papule  m  his  one 
successful  inoculation  and  in  tiii''  case  a  generil  infection  might  be 
supposed  to  exist 

The  evidence  obtained  fioni  our  experiments  would  appear  to  indicate 
that  experimental  franibcesia  m  the  nionke}  at  lea=!t  m  Cynomolgus 
phUippinensu,  Geoff  is  a  purely  local  infection  whiLh  renbly  heils  after 
a  period  of  tune  yarding  from  a  few  Oa\8  to  several  weeks  As  we  have 
stated,  a  few  dajs  after  inotulation,  the  wounds  hid  completely  healed 
although  when  the  infection  was  conveyed  by  means  of  a  subcutaneous 
pocket  a  slight  thickening  about  the  site  of  inoculation  persisted  for  a 
short  time,  finally  disappearing  before  the  appearance  of  the  yaws  papule. 

In  all  of  our  animals  the  yaws  lesion  appeared  at  the  site  of  inocula- 
tion and  when  first  diagnosed  consisted  of  a  small  papule,  very  slightly 
elevated  above  the  surrounding  skin  and  covered  with  a  yellowish  cap 
or  crust.  The  papules  varied  in  size  from  that  of  a  large  pin's  head  to 
a  small  pea.  The  epidermis  had  been  replaced  by  the  yellowish  crust, 
which  upon  removal  revealed  a  moist  surface  composed  of  minute,  closely 
aggregated,  but  separate,  pinkish  points,  from  which  a  thin,  slightly 
milky  fluid  exuded. 

The  initial  papule  gradually  enlarged,  became  in  most  instances  eleva- 
ted, and  the  crust,  formed  of  the  exuded  serum,  became  thicker  and  more 
noticeable.  The  lesions  were  circular  in  form  and  firm  upon  pressure. 
Even  when  fully  developed  they  were  not  greatly  elevated,  as  is  so  fre- 
quently the  case  in  human  yaws  tubercles,  and  in  only  one  of  our  animals 
did  they  project  markedly  above  the  surrounding  surface.  While  the 
crust  covering  them  was  always  more  or  less  elevated,  it  would  almost 
invariably  be  found  iipon  its  removal  that  the  granulating  surface  was 
but  slightly  raised,  although  very  distinctly  demarcated  from  the  healthy 
skin  surrounding  it. 

The  crust  covering  the  fully  developed  yaws  lesion  in  the  monkey  was 
perfectly  characteristic  of  that  over  similar  lesions  in  man,  varying  in 
thickness,  easily  removed,  and  yellowish-brown  in  color,  sometimes 
streaked  with  reddish-brown  due  to  admixtures  with  blood. 

The  surface  of  the  fully  developed  yaws  papule  in  the  monkey,  after 
the  removal  of  the  crust,  was  typical  of  that  observed  in  human  lesions. 
The  color  varied  from  a  light  pink  to  a  bright  red,  and  a  colorless  or 
slightly  whitish  serum  oozed  from  the  raw  surface  which  consisted  of 
minute,  closely  aggregated  papillse,  situated  upon  a  slightly  raised  base 
and  surrounded  by  apparently  healtliy  skin.  In  some  of  our  animals 
the  typical  "raspberry"  appearance,  so  characteristic  of  the  human  yaws 
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tubercle,  was  wel!  illuBtrated.  When  fully  developed  the  papules  aver- 
aged 1  centimeter  in  diameter.  In  one  of  our  animale.  Monkey  No.  1 
(3070),  the  lesion  both  upon  the  head  and  the  abdomen  was  typical  of 
that  variety  of  the  disease  described  by  Piercz(29),  Seheube(30),  Man- 
son(31)  and  others  as  "ringworiu  yaws."  The  first  lesion  appeared 
upon  the  abdomen  and  presented  the  appearance  already  described. 
After  a  few  days  it  was  observed  that  in  both  the  abdominal  lesion  and 
that  which  had  meanwhile  appeared  on  the  head,  healing  was  occurring 
at  the  center  while  the  edgee  were  covered  with  an  elevated  crust.  At 
this  time  the  lesion  reeemlded  a  ringworm  infection  so  closely  that  we 
fnade  an  examination  for  the  fungus,  with  negative  results. 

The  lesion  upon  the  head,  when  fully  developed,  measured  about  3 
centimeters  in  diameter  and  consisted  of  a  perfect  ring  of  raised,  gran- 
ulating tissue  covered  with  the  characteristic  yellowish  crust,  and  in- 
closing the  original  site  of  the  yaws  papule,  which  had  healed  without 
scar  formation  and  but  little  pigmentation.  Removal  of  the  crust  dis- 
closed the  usnal  moist,  pink  surface  and  an  examination  of  the  serum 
exuding  from  it  demonstrated  the  presence  of  Treponema  pertetmis  in 
large  numbers.  A  slight  extension  of  this  lesion  occurred  in  the  form 
of  a  small,  characteristic  papule  developing  at  its  lower  portion  and 
slightly  involving  the  eyelid. 

The  abdominal  lesion  enlarged  rapidly  and  for  some  time  presented 
the  appearance  of  a  large  yaws  tubercle,  markedly  elevated  and  covered 
with  a  mammiilated  yellow  crust.  Healing  began  at  the  center  of  the 
tubercle  and  soon  a  typical,  "ringworm"  appearance  was  assumed  but 
here  a  very  considerable  invasion  of  the  surrounding  skin  occurred,  new 
papules  appeared  at  the  periphery  of  the  original  lesion,  so  tliat  eventually 
nearly  one-half  of  the  surface  of  the  abdomen  was  involved  in  the  process. 
The  new  lesions  were  easily  demonstrated  to  he  extensions,  in  direct  con- 
tinuity with  preexisting  ones  and  sound  skin  was  never  found  separating 
these  lesions  while  in  the  active  stage.  Their  progress  answered  perfectly 
to  the  so-called  secondary  lesions  described  by  Neisser,  Baermann  and 
Halberstadter,  but  as  we  have  stated,  we  can  not  regard  them  as  an 
evidence  of  a  general  infection  and  therefore  as  "secondary"  in  the  sense 
in  which  the  term  is  used  in  connection  with  syphilis. 

After  persisting  for  a  varying  period  of  time,  the  lesions  of  frambcesia 
heal  in  the  same  manner  as  those  occurring  in  man,  the  hypertrophied 
papillae  atrophy,  the  crust  covering  the  papilloma  shrivels  up  and  falls 
off,  and  a  slightly  discolored,  hut  apparently  sound  area  of  skin,  devoid 
of  hair,  marks  their  former  site.  After  a  few  days  the  hair  f^ain  grows 
and  it  becomes  practically  impossible  to  discover  the  point  of  the  in- 
oculation. As  it  is  now  nearly  three  months  since  our  animals  have 
recovered  from  the  infection,  and  as  we  have  seen  no  evidence  of  a  gen- 
eralized secondary  eruption,  we  believe  we  are  justified  in  asserting  that 
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in  the  species  of  inonke*  we  used  a  gentral  eruption  of  ^awa  does  not 
occur  after  exptriinental  inoculation  Wiiih  the  lesion-,  ot  framb(e=iia 
are  undoubtedly  modified  ■somewhat  in  tlie  nionktis  of  tht  lott  tvpi 
used  in  our  work  thei  aif  ^et  --o  tharactenstic  tliat  we  believe  from 
their  appearand  alone  a  clinical  diagnosis  could  lie  made  e\en  in 
the  mildest  case  of  infection  we  have  otwintd  while  in  the  more  se\ert 
infections  aurh  is  Monkei  ho  1  (3070)  the  nature  of  the  lesion  was 
apparent  at  a  glance  It  is  probable  that  if  hightr  ipoties  of  apes  were 
used  the  lesionb  would  be  much  more  pionounted  and  a  geneiah/ed 
eruption  of  -vaws  tubercles  might  occur 

Exammalion  for  Treponema pertenini — We  ba\e  examined  the  lesions 
in  all  of  our  sucessfully  inoculated  animals  for  Tnponemn  prrhnui^  and 
haip  lepeatedh  demonstrated  its  presence  m  eiery  ca^e  without  any  spc 
cnl  difhcult\  The  orgam^ms  occurred  osuall^  in  the  ^tr\  earliest  stage 
of  growth  of  the  laws  papuk  and  perBii^ted  until  the  lesion  had  ncarh 
healed,  being  most  numerous  dunng  the  active  growth  of  the  papule  and 
decreasing  in  number  as  the  healing  process  advanced.  As  we  have  stated, 
the  treponema  occurring  in  the  lesions  in  monkeys  did  not  differ  in  any 
particular  from  the  ones  found  in  the  serum  from  the  lesions  in  man. 
In  most  instances  no  other  spirochfetfe  were  observed  in  the  preparation, 
although,  in  one  or  two  cases,  organisms  corresponding  to  the  type 
of  S.  refrigens  were  observed,  but  these  were  very  rare.  As  in  man, 
the  lesions  covered  with  crust  showed  the  treponema  unmi.xed  with  other 
spirochietK,  while  in  those  in  which  the  crust  had  been  removed,  for 
instance  by  scratching,  thus  allowing  secondary  infections  to  occur, 
organisms  corresponding  to  the  types  described  by  Castellani  were  infre- 
quently observed. 

Serum  from  the  lesions  in  some  of  our  inoculated  animals  was  col- 
lected in  capillary  tubes  and  kept  for  varying  periods  of  time.  Apparent 
multiplication  of  Treponema  pertenuis  occurred  in  some,  and  the  organ- 
isms remained  motile  for  several  days.  In  the  material  so  collected  the 
organisms  occurred  singly,  in  pairs,  or  in  clumps.  Agglutination  and 
apparent  longitudinal  division  were  also  observed  in  the  serum  from  the 
lesions  in  these  animals. 

We  consider  the  constant  presence  of  Treponema  pertenuis  in  the  ex- 
perimental lesions  of  yaws  in  monkeys,  produced  by  the  inoculation  from 
the  lesions  in  man,  of  serum  containing  them  and  their  absence  in 
other  conditions,  to  be  conclusive  proof  of  their  etiological  relationship 
to  frambcesia.  If  we  add  to  this  the  fact  that  as  the  lesions  heal,  the 
treponema  gradually  disappear  and  the  further  fact,  as  proved  by  the 
case  of  Monkey  No.  2  {3071),  that  the  organisms  can  not  be  found  in 
pyogenic  ulcerations  even  when  inoculated,  unless  frambcesia  be  induced, 
it  appears  to  us  that  the  evidence  is  complete.  Treponema  pertenuis  is 
found  constantly  and  only  in  the  lesions  of  frambcesia,  whether  they  are 
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natural  as  m  hiiniaii  infectioH  or  p\[)enmeiital  as  m  the  infwtun  of 
animals 

RtinfecUon — In  onh  one  instance  [Monke\  No  3  (3071)]  have  we 
atteinjited  to  reinfeLt  a  monkey  that  had  recovered  from  framb^eaia  ani 
in  thift  animal  the  reino  ulation  of  human  >aws  ernm  reaultel  nega 
h\  eh 

Inoculation  frotn  monley  to  monkeij — In  one  instame  [Monke\  \o 
S  (3111)]  we  attempted  to  inoculate  a  monkey  with  the  «erum  from  a 
well  marked  lesion  occiimng  in  another  animal  of  the  same  species  but 
unfortunatelj  thb  motulated  animal  died  m  nineteen  da>s  before  the 
probable  penod  of  mc  ibation  had  expired  In  view  of  the  results  of 
\ei8ser  Baermann  and  Halherstadter  who  obtained  only  one  suceessfnl 
result  from  the  inoculation  of  seven  monkeys  with  the  serum  of  infected 
inimals  it  is  ob\ious  that  no  poncluhions  can  be  drawn  from  our  single 
experiment 

Inoctdahon  of  blood  and  splenic  pulp  — In  or  ler  to  det«,nnine  whether 
irambcesia  a&  observed  in  infectetl  animale  ib  a  general  or  local  disease 
we  moeulattl  one  monkey  |\o  6  {ilOl)"|  with  hloid  from  the  heart 
of  an  animal  infected  with  jaws  and  another  [Ac  ""  (JllO)]  with 
splenic  pulp  from  the  same  animal  \o  r  suits  followed  these  moL 
Illations  but  wc  do  not  consider  tliat  tlie  experiments  proie  anj  thing 
^s  \eissei  Baermann  and  Halherstadter  obtained  only  negative  results 
in  si\  monkev--  inoculated  with  "splenic  pulp  anl  with  a  mixture  of 
splenic  juice  bont  marrow  and  mesenteric  glands  md  onh  one  positive 
result  in  thnKi  animals  inoculitel  with  bone  nianow  'We  lid  not  at 
tempt  the  iinKulation  of  hone  mairow  hut  m  \  cw  of  the  fact  that  of 
the  nine  animals  injected  by  the  in \  esti gators  mentioned  the  onl> 
positive  result  was  ohtimed  l\  the  inoculation  of  this  substance  we  feel 
that  oui  negative  result  with  th(  1  lood  and  splenic  pulp  does  not  justifv 
us  m  drawing  a  definite  conclusion  as  tc  the  production  of  the  iisease  in 
this  manner 

Inoculation  of  yaw,  and  stfphilif, — Both  Ca8tellani(3^)  and  Neisser 
and  his  coworkers  appear  ti  have  proved  conclusiveh  that  monkeys 
which  have  recovered  fr>ni  mws  are  susceptible  to  s\philB  fte  have 
endeavored  to  repeat  their  experiments  but  have  failed  to  produce 
syphilis  either  m  monke>s  which  haie  retovered  from  ^aws  or  m  those 
that  haie  never  suffeied  frcm  the  liseas 

\a  sh  wn  in  the  pntocols  of  our  experiments  we  inoculated  two 
animals  Monkej  N"o  1  (30'"0)  and  Monkey  No  4  (3073)  both  of 
which  had  recrvered  from  well  marked  vaws  lessions  with  sirum  from 
a  chancre  containing  at  the  time  of  inoculation  numerous  examples  of 
Treponenui  pallidum  As  cmtroU  we  inoculated  two  healthy  animals 
luth  serum  frjm  the  same  asc  \t  the  present  time  tw  )  months  after 
mo  ilation     nme    >f   thes     n  nkejs    his    leveloped    syphilitic    lesions 
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and  we  are  forced  to  the  coDclusion  that  it  is  extremely  difficult,  if  not 
impossible,  to  inoculate  syphilis  in  the  species  of  monkeys  used  in  our 
esperiments  {Cynamolgus  phiUppinensis  Geoff.).  This  difficulty,  com- 
pared with  the  ease  with  which  frambcesia  in  transmitted  to  the  same 
species,  speaks  very  strongly  against  the  identity  of  the  two  diseases. 

Yaws  and  syphilis. — As  is  well  known,  the  question  of  the  relation  of 
yaws  to  syphilis  has  always  excited  much  controversy,  and  Hutchinson's 
theory  that  yaws  is  the  original  form  of  syphilis,  the  latter  disease,  as 
we  observe  it  to-day,  being  frambcesia  modified  by  passage  throtigh  the 
Caucasian  race,  still  has  many  supporters.  The  discovery  of  an  organ- 
ism in  yaws  lesions  indistinguishable  morphologically  from  Treponema 
pallidum,  at  first  sight  appeared  to  lend  additional  evidence  to  the  claim 
that  yaws  and  syphilis  are  identical,  but  the  experimental  evidence  al- 
ready at  hand  demonstrates  that  the  lesions  produced  by  Treponema 
perlenuis  differ  greatly  from  those  caused  by  Treponema  pallidum,  and 
that  infection  with  one  of  these  organisms  does  not  produce  immunity 
against  the  other.  Treponema  pertenuis  and  Treponema  pallidum  are, 
therefore,  distinct  species,  and  the  lesions  produced  by  each  are  charac- 
teristic and  easily  distinguished  clinically,  in  uncomplicated  cases. 

There  is  no  room  for  doubt  in  our  minds,  after  consulting  the  work 
of  other  authors  and  investigators  and  our  own  clinical  and  experi- 
mental experience,  that  yaws  and  syphilis  are  distinct  diseases,  our  be- 
lief being  based  upon  the  following  facts: 

(a)  The  pleomorphism  of  the  lesions  of  syphilis,  the  uniformity  of 
those  of  yaws; 

(6)  The  granulomata  (yaws  papules)  are  the  primary  lesions  of  yaws; 
such  lesions,  if  syphilitic,  could  only  be  secondary  or  tertiary. 

(c)  The  presence  of  the  very  peculiar  and  typical  yellow  cap,  or 
crust   covering  the  jaws  lesions 

(rf)  In  mfectbd  regions  every  uncomplicated  case  of  yaws,  whether 
in  children  or  adults  presents  the  same  characteristic  lesion  (the  pap- 
ule coverel  with  a  yellow  crust  )  If  the  disease  were  syphilitic  a  wider 
variation  m  the  type  of  the  lesion  would  he  observed 

(f)  The  epidemic  occurrence  of  yaws  C'^pecially  amcng  young  chil- 
dren and  the  greater  prevalence  of  the  disease  m  children 

(/)  The  absence    f  genital  infettun'^  m  anj  case  observed  by  us. 

{g)  The  absen  e  m  \aws  of  such  tnking  symptom'!  as  loss  of  hair 
and  iritis 

(ft)   The  auto  moculabdit^     f  i  iivs    c  en  when  a  general  eruption  is  - 


(i)  The  ready  inoeulabilit>  of  ^aws  into  such  a  low  type  of  monkey 
as  Gynomolgus  fhihpptnensis  Geoff  anl  the  negative  result  of  the 
inoculation  cf  svphihs  m  this  Sjiecies  of  monkey 
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{;)  The  fact,  as  proved  by  Neisser,  Baermann,  and  Halberstadter,  and 
by  Castellani,  that  mookeys  susceptible  to  both  yaws  and  syphilis  can 
be  infected  with  both,  no  immunity  being  conferred  against  the  one  by 
an  attack  of  the  other. ^ 

(fc)  The  fact,  as  proved  by  Charlouis  (33)  and  Powell  (34),  that 
patients  suffering  from  yawa  can  be  infected  with  syphilis. 

GENERAL   CONCLUSIONS, 

As  a  result  of  our  observations,  both  clinical  and  experirgental,  we 
believe  that  we  are  justified  in  drawing  the  following  conclusions ; 

1.  That  Treponema  pert'enms  is  the  cause  of  yaws. 

2.  That  Treponema  pertenuis  is  constantly  present  in  the  eerum  from 
yawa  lesions. 

3.  That  the  variations  in  the  morphology  of  Treponema  pertenuis  are 
explainable  by  the  deformities  produced  during  the  preparation  of  the 
serum  for  examination. 

4.  That  Treponema  pertenuis  and  Treponema  pallidum  can  be  dif- 
ferentiated by  the  results  obtained  from  the  inoculation  of  monkeys. 

6.  That  the  inoculation  of  the  serum  from  human  yaws  lesions  con- 
taining Treponema  pertenuis  causes  yaws  in  monkeys  and  that  the 
organism  can  easily  "be  demonstrated  in  the  lesions  of  the  infected 
animals. 

6.  That  the  length  of  the  period  of  incubation  in  Cynomolgus  philip- 
pinensis  Geoil.  is  approximately  twenty  days. 

7.  That  the  duration  of  the  inoculated  disease  in  this  species  of 
monkey  varies  from  twenty-one  to  eighty-four  days. 

8.  That  yaws  and  syphilis  are  distinct  diseases. 

9.  That  Treponema  pertenuis  can  be  demonstrated  in  sections  of  yaws 
papillomata  by  -the  Levaditi  method. 

Castellatit,  in  an  article  published  in  the  Journal  of  Hygiene  for  July,  1907, 
and  only  reaching  here  after  the  preceding  paper  had  gone  to  the  printer,  draws 
the  following  summary  and  eonclusiona: 

"J.  Monkeys  are  suaceptible  to  yawa.  The  akin  eruption  in  the  monkeys  I 
have  experimented  with  {Semnopiiheous  priamus  and  Macacus  pileatut)  is,  as 
a  rule,  confined  to  the  seat  of  inoculation,  but  the  infection  is  general,  as   ia 

'On  September  6,  1907,  all  of  the  experimental  monkeys,  except  the  two  men- 
tioned above  aa  dead  and  monkey  No.  2  {.3071),  which  was  killed,  were  examined 
and  none  of  them  showed  signs  of  either  syphilis  or  yaws.  One  of  the  monkeys 
ntilized  in  the  experiments  detailed  in  this  report  [No,  2  (3071)]  was  killed 
on  July  22,  1907,  because  of  the  extension  of  the  pyogenic  ulcer  on  his  brow  to 
the  orbit.  All  of  the  others  are  still  living  on  October  7,  1907,  and  one  of  them 
[No,  11  (D)]  has  given  birth  to  young.  No  one  of  them  has  shown  signs  or 
symptoms  of  either  yaws  or  syphilis  since  they  were  last  noted  in  the  report. 
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proved  bj  the  presence  of  the  Spiroeliigla  p^rtenuis  in  the  spleen  and  lyinpiiatit 
glands. 

"3.  Material  obtained  from  persons  suffering  from  yaws  and  apparently  oon- 
taining  Hpirochteta  perlenuis  only  is  infective  to  monkpya. 

"3.  When  the  '8piriich<tlu  perteiiuis  has  bepn  removed  from  this  material  by 
filtration,  the  latter  becomes  inert. 

"i.  The  inoculation  of  blood  from  the  general  eireuiation  and  blood  taken 
from  the  spleen  of  yaws  patients  into  monkeys  may  give  positiv«  results. 

"5  The  irioeulation  uf  the  cerebro- spinal  fluid  of  vawa  patients  gives  negative 
results 

6  Monke>s  Bucee^stulh  inoculited  nith  jans  do  not  becoine  immune  foe 
.jphihs     » 

7  Monke>3  aueeeasfullj   inoculated  with  syphilis  do  not  become  immune  foi 

8  By  means  of  the  BoidetGengou  reaction  it  ii  pnasible  to  Ictect  ipe<  ihc 
>a»s  antibodies  and  antigen 

1  laws  antilHMiies  ami  antn,en  are  eiitiieh  Iiffeient  fiom  s\ihilitic  anti 
txxlies  and  antigen 

10  The  presence  f  the  SpnorhiFta  perlenms  m  monkeys  e\peii  men  tally  in 
1  cnlat«d  as  well  as  in  larts  patients  is  practicallr  constant  m  the  imbioken 
eruptive  lesi  ns    the  SptiocAiffa  is  frequently  present  in  the  spleen  and  lymphatic 

Jl  \aBs  It  generally  conie>ed  hv  actual  contact  but  under  ceitiin  cinum 
tin  es  it  ma>  be  (on\e>ed  t\  flies  and  possibly   b>  other  insects 
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ILLUSTRATIONS. 


I.  1.  T. 

2.  T. 

3.  T. 

4.  T. 

5.  T. 


H  from  liiimnn  yav/a  leflion.  1  X  IROO  (itppvoxiinntp). 

8  from  liiiinflii  ynw9  lenion.  1  X  1500  (approximnte). 

K  fi'oin  liiiman  ynws  lesion.  1  X  1500  (appi'oxinmte). 

s  fi-om  human  yaws  lesion.  1  X  1200  (approximate). 


from  capillary  tube  Kiiltnre,  showing  agglutination  and  prob- 
nlile  longitudinal  division.     1    X    1200    (approximate).     Note  compar- 
ative size  of  treponenin  itnd  («cpi. 
(1.  Knme.     1  X  1500. 

It.  7.  T.  pet  (p nuts  from  capillarj  tul  e  culture,  showinR  agglutination  nmi  prob- 
able longitudinal  dmsion  1  X  1500  (approximate).  Note  eoinpnr- 
atiie  size  of  treponema  and  cocci, 

8,  r. /»eiifn«i«  from  inoculated  lawH  in  monkey.     1  X  300  (approximate) - 

9.  r.  perfeMuis  from  inoculated  T^i's  in  monkey.     1  X  1500  (approximate). 

10.  7*.  palhdum  from  human  syphilis.     1  X  li>00  (approximate). 

11.  T.  pertenvts  id   degenerated  area  of  epithelium   of   human   yaws   lesion. 

Leva  iiti  method 

Plate  III. 
r,s.   12-15.  tvimplc-  of  ^a»s  lesi  na  as  seen  in  Filipinos. 
Plate  IV. 
illuHtration  of  types  exhibited  by  T.  pertenuis  in  stained  prepn- 
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YAWS:  A  HISTOLOGIC  STUDY. 


By  Harry  T.  Marshall, 
[From  Ike  Biological  Laboratory,  Bureau  of  Science.) 

Doctors  Ashlmrn  and  Craig  kindly  turned  over  to  me  the  tissues  from 
the  eases  discussed  in  tiie  preceding  paper,  for  study.     The  tissues  exam-  - 
ined  consisted   (1)   of  an  early  yaws  papule  removed  from  a  patient 
suffering  with  leprosy  and  yaws,  and   (3)   of  ulcerating  yaws  nodules 
from  a  monkej  inoculatiKl  from  a  patient  ^etn  near  Manila 

As  the  photographs  illustratt,  the  legion's  m  the  two  cases  ire  i.-<=en- 
tiallj  alike  and  a  single  de'tcnption  suffices  for  them 

Sections  through  the  papule  and  ulcers  wne  fixed  m  Zenker  s  fluid 
immediately  after  removal  and  were  treated  with  the  ordinarj  stains. 
Haematox^hn  and  eosm  gaie  the  clearest  pictures  The  sections  show 
(a)  regressiye,  {V)  vascular  and  exudative,  and  (c)  regenerative  changes. 
The  regressive  ones  are  confined  to  the  epithelial  structures;  the  exudative 
are  most  marked  immediately  beneath  the  epithelium;  the  regenerative 
thange*  are  evidenced  as  atypical  epithelial  formations  and  hy  the  pres 
enie  of  a  few  epithelioid  connective  tissue  cells 

(fl)  The  degenerative  chinges  are  confined  to  the  epithelial  structures 
mcluling  surface  epithelium  epithelial  downgrowths  hair  follicles  seba 
eeous  and  sweat  glands  There  is  at  first  an  increase  in  the  thickness 
ii  the  epithelium  affecting  chiefly  the  polyhedral  cells  with  blurnng  of 
the  outlines  between  the  separate  lajers  and  disappearance  of  the  pig 
intnt  la>er  The  himy  layer  is  thrown  off  anl  the  epithelium  appears 
as  a  greatlj  thickened  structure  made  up  of  large  swollen  cloudy  vacu 
lated  eells  with  iswollen  pale  nuclei  showing  irregidir  dots  of  chromatin 
Tlie  columnar  cell  layer  is  the  only  one  that  is  well  preserved  Where 
the  disease  is  more  advanced  the  surface  lasers  have  Veen  thrown  off 
exposing  either  the  columnar  layer  ef  celh  or  the  subjacent  conum 
Ihe  ulcer  is  coated  m  places  with  a  crust  of  necrotic  material  leucocytes 
etc  (See  Pllfiglaft  e  e)  Simitar  changes  appear  va  the 
epitlielial  downgrowtbs  the  hair  loilieles  and  to  a  lesser  extent  m  the 
sweat  glands  the  centrally  placed  epithelial  celk  being  sw  jUen  ver\ 
cloudi  vacuolated  and  often  replaced  by  cavities  eontaining  a  few  leuco 
cytes  and  a  small  amount  of  granular  debris  while  the  peripheral  one 
or  two  rows  of  cells  preserve  fairly  well  their  columnar  shape  alignment 
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and  staining  properties.  (See  I'ls.  fand  11,  figs.  1  c;  2  h;  3.)  Cross 
sections  through  an  epithelial  downgrowth  or  hair  follicle  with  central 
softening,  may  be  slightly  suggestive  of  the  "pearls"  of  epithelioma. 
(See  Pis.  1  and  III,  flge.  1  e;  S  c;  4.)  C'liarlouifi,  [Tnna,  and  others  note 
especially  that  the  hair  follicles  and  hair  shafts  arc  unaffected,  but  this 
does  not  hold  true  of  the  nodules  now  under  consideration.  The  sections 
from  the  human  ease  did  not  pass  through  any  hair  follicles,  but  in  the 
sections  from  monkeys,  hair  follicles  are  abundant  and  the  outer  root 
sheath  shows  exactly  the  same  necrotic  changes  as  are  met  with  in  tlie 
other  epithelial  structures.  The  sweat  glands  and  sebaceous  glands  are 
altered  less  than  the  hair  follicles  and  downgrowths. 

(6)  The  vascular  and  exudative  changes  are  marked  in  the  coriiim, 
and  extend  only  a  short  distance  into  the  heavier  strands  of  subcutaneous 
tissue.  There  is  a  very  great  dilatation  of  the  capillaries  extending  to  the 
under  surface  of  epithelium.  Many  capillaries  are  empty,  others  contain 
|jolyinorphonuclears,  eosinophiles  and  a  few  mononuclears,  while  others 
are  full  of  erythrocytes.  At  first  sight  it  appears  as  if  most  of  the 
erythrocytes  are  free  in  the  tissue,  but  in  my  sections  1  have  been  able 
to  make  oiit  a  limiting  capillary  wall  in  most  cases  and  find  only  small 
extravasations.  'ITie  eorium  is  markedly  (edematous,  the  (pdema  ex- 
tending into  the  epithelium  and  for  a  slight  distance  into  the  sub- 
cutaneous tissue.  The  early  yaws  papule  contains  many  leucocytes  and 
the  ulcerating  nodule  is  packed  with  them.  A  few  polymorphonuclears 
are  found  in  the  epithelial  structures,  while  the  downgrowths  and  other 
degenerating  parts  are  surrounded  with  collections  of  polymorphonu- 
clears, large  and  small  mononuclears,  many  of  which  are  plasma  cells, 
with  occasional  eosinophiles.  A  few  lymphocytes  are  found  and  only  a 
small  numlier  of  extravasated  erytlirocytes.  The  eosinophiles  have  poly- 
morphous nuclei.  The  leucocytes  are  also  found  both  within  capillaries 
and  surrounding  them,  and  it  is  most  probable  that  they  have  arrived 
by  way  of  the  blood  vessels  and  have  wandered  out  from  them.  The 
distribution  of  eosinophiles  is  interesting.  At  the  edge  of  the  nodule, 
beyond  the  line  of  epithelial  degeneration  and  at  a  point  where  the 
nedema  and  leucoeytic  infiltration  is  not  verj'  great,  the  number  of 
eosinophiles  is  both  relatively  and  absolutely  greater  than  it  is  beneath 
the  center  of  the  lesion  where  the  infiltration  is  denser.  The  eosinophiles 
vary  from  9  to  35  in  one  field  of  the  microscope  (Zeiss  DD  objective. 
No.  3  eyepiece).  They  are  scattered  diffusely,  but  occur  in  greater 
numbers  around  and  in  the  dilated  capillaries.  (For  exudative  changes 
see  Pis.  I  and  II,  figs.  1,  2,  3.)  At  no  point  is  there  any  evidence  of 
the  perivascular  infiltration  with  mononuclears,  which  is  so  characteristic 
of  syphilis. 

(c)  E^enerative  changes.  There  is  indication  of  slight  new  forma- 
tion of  capillaries  in  the  eorium  and  of  a  minor  degree  of  connective  tissue 
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iiew  growtli,  but  the  most  oIhioiib  changes  octur  in.  thp  epithelium.  At 
the  edges  of  the  ulcer  there  ib  a  marked  increaw  m  the  thickness  of 
epithelium  and  a  striking  increase  m  the  nuniher  and  size  of  the  epithe- 
lial downgrowths.  Irregularities  and  distortions  in  tlie  epithelial  down- 
growths  are  aiso  aeen  beneath  the  surfat-e  of  the  ulcer,  from  which  the 
epithelial  covering  has  been  lost  (See  PI  T  figs  1  d  8.)  It  is 
evident  that,  while  new  growth  of  epithelium  is  occurnng  from  the 
columnar  layer,  degenerative  thanges  are  taking  plate  m  the  older,  more 
centrally  placed  portions  of  the  epithelial  downgrowths  (See  Pla.  I, 
IT,  and  III,  figs.  1  e;  3  a;  4  ) 

Tissues  from  these  cases  were  treated  by  the  method  of  Levaditl, 
with  negative  results,  but  thiough  the  courtesy  of  Dr"*  4shbum  and 
Oraig  I  have  had  an  opportunity  to  examine  a  successful  'iilver  stain  of 
a  yaws  papule  prepared  in  Washington  from  tissue  obtained  in  the 
Philippines.  In  this  section  enormous  numbers  of  spirochcetie  are  found 
in  the  degenerating  central  parts  of  the  epithelial  downgrowths.  The 
spiiocliffitae  aie  free  m  the  necrotic  material  resulting  from  breaking  down 
of  epithelial  -ells  Xone  were  found  within  cells,  within  nuclei,  nor  in 
in\  I  art  of  the  ccimm. 

SUMMAliY   OF   FINDINCiS. 

We  mav  <.onclude  from  a  stu  Iv  of  thete  petimens  thjit  we  are  dealing 
with  a  pnman  degenerative  change  restnibling  colliqiative  necrosis 
affecting  the  ep  thelial  structure*!  and  caused  bi  sptrochEetas  which  are 
\cr\  abundant  in  the  necrotic  material  at  least  at  lome  stage  of  the 
listase  The  legeneration  lead  to  ukei  formation  Following  the 
degeneration  there  is  irregular  new  fonnatnn  of  epithelium  m  the 
form  of  dottngiowths,  which  in  turn  often  degenerate  Accompanying 
these  changes  \a8cular  dilatation  cedema  and  leucocytic  miiltration  occur 
in  the  corium  with  a  minor  degree  if  new  formation  of  capillaries  and 
connectne  tiisu  There  is  no  endirteritis  nor  are  there  any  other 
changes  suggestive  of  syphilis  The  majority  of  the  infiltrating  cells 
aie  pol) morphonu clears  at  an  oarl^  stage  of  the  lesion  while  mononu 
clears  manv  of  which  are  of  the  plasma  cell  tvpe  ire  almost  equalh 
rtlitmdant  In  the  tissue  from  the  human  being  the  plasma  cells  out 
numbet  the  poh  morphonuclears  Pol \Tnorphonu clear  eosinophiles  are 
abundant  and  ha\e  a  peculiar  distribution 

The  chanf.c's  ait  easentialh  the  bime  in  lesion  from  monkeys  and 
human  bemgs 

The  histologmal  characteristics  of  the  \aws  nodules  have  been  studieil 
h\  CharJouis   Unna   Glogner   Piehn  and  others 

CharlouiB  (VxerteljahreeiiBhrift  {Atchiv)  f  Dermatologie  und  SyphtUa  (1881) 
431,  quoted  by  Unim  and  others)  describes  particularlj  the  epithelial  OTer 
growth   and   the   leucocjrtic   infiltration     the   hair    follicles   escaping    nhile   the 
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cetaceous  glands  are  enlarged  Glogner  {i  irchoic  s  At  rhtv  1)1102]  168  Hi) 
iHtes  m  additicn  a  re  luction  m  the  connective  and  elastic  tissue  fibnla  in  the 
large  nodulei  and  the  occurrence  of  ocoasi  na!  pigment  cells  and  free  erythin 
LVtes  in  the  tissues  He  did  not  find  plasma  c-ells  but  found  mast  celh  and  a 
fvv  giant  cells  He  also  encountered  a  hmpl<o\tosis  in  the  llofd  f  tO  to  50 
per  cent  of  the  patients  Plehn  (Mense  Handbnch  der  Tropenkrankheiten  ( 1900) 
2  60)  states  that  the  hair  follicles  and  sweat  gland?  arp  unaSected  that  the 
cutis  IS  infiltrated  with  cells  chiefly  plasma  cells  and  that  the  nodule  presents 
the  histologic  picture  of  a  granuloma  which  can  be  distinguished  frcm  avphllls 
( 1 )  by  the  fact  that  m  yaws  the  primaiT  affection  is  m  the  epithelium  in 
avphilis  it  IS  in  (he  cutis  131  in  yaws  the  ceiiema  is  greater  and  tl  ere  is  no 
periarteritis  nor  endarteritis  (3)  the  infiltrating  cells  are  of  a  different  char 
acter  in  ya»s  and  there  are  m  signs  of  necrosis  in  thii  disease  He  found  no 
giant  cells 

The  most  detailed  description  is  that  gncn  M  Unm  [Die  Bisl  paihuluqte 
der  ffautkrankhetten  Orth  s  Pathol  f,ische  Anitomie  Berlin  (1894)  Ergan 
zungaband  2  503)  He  quotes  Pontoppidan  {Tnw  vnd  Frimboeaio  (IS82)  201) 
as  stating  that  the  primarj  seat  of  the  affection  la  m  the  prickle  cell  laver  of 
the  epithelium  Unnas  leaeriptDTi  is  based  upon  the  study  of  i  large  full 
grown  dry  lans  nodule  The  lodule  lose  abruptly  from  tie  leiel  of  the  skin 
The  epithelial  overgrowth  began  at  the  border  and  rapidly  increased  in  extent 
withm  the  limits  of  the  nodule  The  papill-e  were  not  more  numerous  but 
were  ten  or  twenty  times  as  long  an  usual  There  was  marked  hyperkeratosis 
with  accumulations  of  a  many  layered  horny  cniering  Acanthosis  led  here  as 
m  condyloma  to  the  formation  of  prickle  cell  masses  principally  ns  interpapillart 
pi  ejections  wl  lie  the  superficial  layer  of  prickle  cells  nas  reduced  and  ooiaaional 
minute  hasmorrhaj^s  escaped  through  into  the  crust  aboye  Epithelial  mitoses 
were  infrequent  \t  the  periphe  y  the  granular  layer  was  reduced  with  crust 
formatun  from  fibrin  and  leucocytes  at  oti  er  places  the  granular  layer  was 
increased  in  thickness  Fibrin  and  leucocytes  were  found  also  lietween  the 
deeper  epithelial  cells  The  chief  change  in  the  cutis  wi  s  a  solid  cellular  infiltra 
tion  consisting  chiefly  of  beautiful  large  plasma  cells  These  surrounded  like  a 
mantle  the  epithelial  proieetions  and  spread  in  thin  lines  into  the  separate 
papillffi  Beneath  the  epithelial  gronths  they  spread  cut  int  a  uniform  layer  witl 
processes  eitendinf,  lateralh  and  downwards  The  processes  accompanied  pai 
ticularly  the  greatly  lilated  veins  and  were  not  directly  related  to  the  epithelial 
structures  The  lumina  of  the  sweat  glands  were  dilated  and  the  epithelial  lining 
swollen  while  the  hair  ff Hides  and  lair  shafts  were  unaltered  either  in  tie 
deeper  tissue  where  the  plasii  a  tell  accumulation  fccurred  or  i  hile  penetritiii„ 
tile  acanthomatous  part  at  the  surfice  At  no  place  was  there  evidence  of  plasm  l 
<eli  degeneration   the  tumor  representinj,  the  purest  type  of  plasmomt  tissue 

The  spindle  cells  of  the  cutis  «ere  enlarged  bit  not  appreciibly  increased  in 
numbers  Except  for  the  usual  rarefaction  around  tile  plasmoma  foci  there 
Has  no  progressive  nor  rt^resaive  change  m  the  interstitial  collaginous  an  I 
elastic  tissue      There  was  no  appreciable  increase  in  mast  cells 

The  pigment  wl  ich  was  heaped  up  in  the  basal  prickle  cells  at  the  peripheil 
of  the  nodule  spread  in  streams  between  the  cells  of  the  liypertrophied  epithelial 
portion  The  streams  surrounded  nuclei  and  entire  unaltered  epithelial  cells 
I  reducing  appearances  like  pigment  cells  Theie  were  other  pigment  cells  of 
the  same  structure  with  two  or  three  nuclei  according  to  the  n  imber  of  epithelial 
cells  which  were  surrounded  by  the  pigment  stream 

All  in  all  the  structure  of  the  frombcesial  nodule  is  simple  a  markel  epitbe 
lial  growth  with  hyperkeratosis  accompanied  by  plasmoma  formiti  n  in  the  cutis 
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The  absence  of  any  degenerative  changes  in  the  plasmoma,  either  aa  giant  cell 
formation  or  as  fusion,  makes  the  structure  simpler  than  that  of  a.  syphilide  of 
which  the  yaws  nodule  is  otherwise  suggestive."  It  is  especially  like  a  condy- 
loma, from  which  it  is  distinguished  by  the  greater  dryness  of  the  cutis  in  yawa 
and  hy  the  more  marked  keratin ization.  This  explains  the  firmness  and  resistsace 
of  the  nodule.  Its  cranberry  form  results  from  the  overgrown  papillary  bodies 
which  are  covered  hy  such  a  thin  layer  of  prickle  celts—that  is,  it  is  the  result 
nf  the  great  vascular  dilatation  in  the  papilla. 

He  thinks  Charlouis  was  mistaken  in  interpreting  liia  infiltrating  cells  as 
leucocytes,  and  suggests  that  they  must  have  been  plasma  cells,  while  the 
leucocytes  entered  as  a  result  of  secondary  infections.  He  thinks  that  "there 
is  no  question  that  the  cause  of  frambcesia  should  be  sought  only  in  the  Drat 
stages  of  the  exanthem  and  should  be  looked  for  in  the  cutis."  Ha  observed  the 
"abscess-like  areas"  in  the  keratiniEing  epithelium,  but  attributed  them  to 
secondary  pyogenic  infections.  As  another  point  against  Charlouis'  int«rpreta- 
tion  of  the  leucocytes  he  mentions  that  he  could  not  find  them  around  the 
dilated  capillaries  or  veins. 

Comparing  these  accounts,  is  seems  clear  that  the  histologic  picture 
of  the  yaws  papule  at  an  early  stage  is  somewhat  different  from  that  of 
the  older  nodules.  The  description  given  in  this  article  and  those  given 
by  Charlouis,  Glogner,  and  to  a  less  extent  by  Plehn,  evidently  refer  to 
the  younger  nodules,  while  Unna's  description  is  true  only  of  the  older 

The  characteristic  features  of  the  early  stage  are  (1)  the  epithelial 
degeneration,  with  ( 2  )■  epithelial  downgrowths  into  the  cutis  in  the 
form  of  irregular  columns ;  it  seems  clear  that  this  appearance  is  due 
to  the  actual  downgrowth  of  epithelium  and  not  entirely  to  the  upgrowth 
from  the  cutis,  (3)  capillary  dilatation  with  engorgement,  marked 
ccdema  and  cellular  infiltration  limited  <juite  sharply  to  the  cutis  and 
most  marked  at  the  under  border  of  epithelium.  The  cells  occurring 
are  chiefly  polymorphonuclears,  large  and  small  mononuclears,  and 
plasma  cells  and  oesinophiles.  It  is  clear  that  the  infiltrating  ceila  are 
derived,  at  least  in  great  measure,  from  the  vessels.  In  addition  Plehn 
found  mast  cells  and  Gli^ner  giant  cells.  This  last  finding  has  been 
verified  by  no  other  writer.  The  changes  in  the  fixed  tissue  cells  of  the 
cutis  are  relatively  slight. 

In  the  older  nodule  the  chief  difference  concerns  the  infiltrating  cells. 
The  epithelial  changes  are  the  same,  the  cedema  has  largely  disappeared, 
and  the  plasma  cells  are  present  in  such  enormous  numbere  as  to  domi- 
nate the  picture.  Here  again,  the  changes  in  the  fixed  tissue  cells  of 
the  cutis  are  of  minor  extent. 

Remembering  the  remarkable  regenerative  power  of  epithelium,  and 
noting  how  slight  are  the  degenerative  and  regenerative  changes  in  the 
cutis,  we  can  understand  how  it  conira  about  that  when  recovery  occurs 
there  is  so  little  scar  formation  at  the  seat  of  a  yaws  ulcer. 

A  comparison  of  the  descriptions  of  the  different  writers  mentioned 
above,  with  Unna's  description  of  the  syphilitic  condyloma  does  not 
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lea\e  a  wide  margiii  of  difference  I  he  differences  are  that  the  degenei 
ation  m  ^aw*  is  conhned  to  the  epithelium,  the  ipirochsetT  being  found 
m  the  degenerating  areas  while  the  changes  in  the  cutis  are  nnimpor 
tant,  that  there  is  no  penartmial  oi  endarterial  (hange  m  ^awb  that  the 
infiltrating  cells  at  the  enrlj  stage  ot  the  nodule  are  different  from  those 
m  syphilis  and  that  there  are  no  areas  of  necrosi'*  and  no  giant  celh 
in  \aws  with  the  exception  of  the  Laeos  de^cnhed  b\  (Jlognei  The 
clmical  appearance  of  >aws  is  so  Lharacteristm  that  it  15  surprising  to 
find  how  cioB(lj  the  histological  debcnption  agrees  with  that  of  the 
svphilide  It  will  be  important  to  makt  a  comparatne  study  of  the 
>aws  papule  and  condjloma,  examining  lesions  of  the  sami.  ages,  and 
using  the  silver  impregnation  method  m  the  demonsta-ation  of  the 
paiasites  The  claim  is  made  that  svphilis  attacks  primarily  the  cutis, 
while  >awB  is  we  hi^e  seen  alio\e,  is  essentially  a  disease  of  the 
epithelium  ^ 

'  In  an  article  uhiih  has  recently  airited  SchulTner  {Mamhea  med  Wohn^h 
(190T)  54,  13S4)  revieus  one  hundred  and  twenty  nine  cases  of  yaws  seen  ni 
Sumatra  and  for  the  sake  of  completenesi  his  article  la  abstracted  In  one 
hundred  and  four  ciaes  he  found  the  tieponema  and  of  those  casea  examined 
more  than  once  he  found  it  in  9S  per  lent  The  Romanonsky  stain  or  some 
modification  proved  most  satisfactorv  espeiiallv  when  preceded  by  oamic  acid 
or  formalin  vapor  fixation  By  the  use  of  Le\aditis  sitiei  stain  he  found  that 
the  parasites  occuried  only  in  the  diseased  portion  of  the  epideimis  especially 
in  the  deeper  lajera  of  prickle  cells  and  in  this  situation  thev  were  often 
extremely  abundant  Thej  Here  entireh  absent  elsewhere  notabI(  in  the  pen 
thelial  situation  common  jn  sypliilis 

nhile  syphilis  and  \flws  are  closely  parallel  lie  is  <.on%in(ed  thnt  ya-Ar,  in  in 
independent  affection 

He  gnes  a  brief  renew  of  the  histoli^iL  appearance  but  of  pirticular  interest 
IS  his  careful  description  of  unuiual  skin  manifestations  in  vans  Under  this 
heading  he  describes  ring  shaped  or  kidney  shaped  efflorescences  and  others  which 
are  impetiginous  ot  vesicular  In  others  there  was  a  definite  roseola  In  more 
than  one  fouith  of  his  cases  there  waa  a  pet  ill ar  macular  eruption  m  whith 
rounded  spots  from  1  to  3  centimeters  in  diametti  weie  surrounded  by  minute 
papuka  often  becoming  lesicular  Of  especial  interest  is  his  destnption  of  tht, 
bone  and  joint  pains  in  yaws  which  he  found  to  olcuf  in  20  per  cent  of  cases 
in  adults  Periostitis  was  also  lery  common  He  tliiiikH  from  his  studies  of 
vaws  that  as  the  result  of  further  iniestigation  ind  discrimination  s(philiH 
will  be  dissolved  into  a  group  of  independent  diBcases 
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■  '^  iiiK  I  HuIk  fi  in  patipnt  ivitli  leprosj  and  \an»>  Mafrniheatioji  •))  x  1 
I  Flge  of  cruHt  over  tlip  iilcei  compoBed  of  necrotic  epithelium  leuco 
iTtef  etc  6  Hypertropliied  epitl  eluim  e  ipithelial  do»ngro»tli 
Hitli  leucocytie  infiltration  d  Base  of  iiker  allowing  pieaervation  of 
leepeat  l«(er  of  epithelium  beginning  epitlielial  downgron-tli  and  cover 
iiig  of  epithelial  debris  e  Downgio«th  uhOBiiig  pieservation  of  the 
lolumnar  ceil  laier  nith  d^eneration  of  the  central  portion  /  /  Cap- 
illan  dilatation  in  the  oedematoiiB  cutis 

.  Early  papule  fiom  monke\  Majrniflcatim  9'i  X  1  n  Beginning  lots  of 
surface  epithelium  6  6  Epithelial  overgrowth  o  Cross  aection  of 
epithelial  dcwiigionth  showing  central  degeneration  d  d  d  Capillars 
dilatation  m  edematous  c  uum      e   Poition  enlarged  in  PI    IT   fig   '^ 


Piitnnoffig  2  enlir^ed  \[a(,nificition  4n  \  1  !  Beginning  degenei 
ation  of  epithelium.     6,  6,  6,  Capillary  dilatation. 

Plate  III. 

Cross  section  through  an  epithelial  downgrowth  from  an  older  nodule 
from  a  monkey,  showing  the  necrosis  of  the  central  cells  with  preserva- 
tion of  younger  cells  at  the  margins.  The  teilema  of  the  cutis  also  U 
well  indicated.     Magnification,  520  X  1. 
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introduction. 

Fully  to  appreciate  the  confusion  which  exists  at  the  present  time 
concerning  the  etiology  of  mycetoma,  it  is  only  necessary  to  consult  the 
two  systems  of  medicine  which  are  now  appearing  simultaneously  in  the 
English  language.  J.  H.  Wright,  iii  Osier's  Modem  Medicine,  main- 
tains that  the  black  variety  of  mycetoma  is  a  separate  and  distinct  disease 
caused  by  a  Hypkomycete  which  he  cultivated  from  the  black  granules 
62638  477 
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taken  from  a  patient  encountered  in  the  MaBsachu setts  General  Hospital, 
although  the  author  states  that  the  etiologic  relation  of  the  Hyphomycete 
remains  to  he  established  by  animal  experiment,  Wright,  in  discussing 
the  ochroid  variety  of  the  disease,  says  that  "at  the  present  time  the 
ochroid  or  pale  form  of  mycetoma  must  be  regarded  as  actinomycosis  of 
the  part." 

On  the  other  hand,  MacLeod,  in  Allbutt's  System  of  Medicine,  recog- 
nizee Vincent's  Streptothvix  madui-w  as  the  cause  of  the  ochroid  variety 
and  stat«s  Oiat  it  is  a  Streptoihrix  closely  allied  to,  hut  differing  from 
Actinomyces.  This  author,  referring  to  the  black  type,  is  of  the  opinion 
that  the  fungus  is  a  degenerate  variety  of  the  one  causing  the  ochroid 
form  of  infection,  rather  than  that  it  is  a  distinct  species.  MacLeod 
therefore  considers  the  two  varieties  of  the  disease  as  being  different 
stages  or  types  of  the  same  infection  and  of  a  single  etiology.  Other 
recent  observerH  believe  that  the  condition  may  he  the  result  of  the  action 
of  several  closely  allied  species  of  Streptothrix. 

We  have  isolated  by  culture  and  demonstrated  conclusively  the  etio- 
logic role  of  a  new  species  of  Streptothrix  in  a  case  of  the  ochroid 
variety  of  the  disease,  as  will  he  seen  in  the  following  report,  and  have 
written  to  various  colleagues  for  cultures  of  other  organisms  which  have 
been  isolated  from  types  of  the  disease.  As  soon  as  practicable  we  hope, 
by  a  comparative  study  of  these  cultures  and  by  observing  their  action  on 
monkeys,  to  determine  the  etiologic  importance  of  the  other  cultivated 
species  of  the  Streptothrix. 

CASE  KEl'OKT. 

Mycetoma,  ochroid  variety;  duration  three  years;  amputation  of  foot; 
recovery.  Streptothrix  (Streptothrix  freeri  sp.  nov.)  cultivated  from 
the  lesions  and  its  etiologic  significance  established. 

P.  B.  (St.  Paul's  Hospital,  No.  3256),— A  Filipiim  woman  Irom  the  Province 
of  Bulacan ;  age  30,  msirried,  with  two  health;  children  2  and  5  years  of  age; 
was  admitted  on  August  5,  1907,  to  Musgrave's  service  in  St.  Paul's  Hospital, 
She  complained  of  a  large  and  painful  right  foot  and  stated  that  tlie  disease 
was  of  three  years'  duration.  The  family  and  previous  history  of  t)ie  patient 
furnished  no  data  of  importance.  The  patient  stated,  with  reference  to  the  present 
disease,  that  about  three  years  befoie  admission,  wliile  she  was  doing  laundry 
work  in  the  river,  a  sliver  of  bamboo  entered  the  flesh  between  the  great  and  second 
toes  of  the  right  foot.  The  splinter  was  withdrawn  and  the  wound  then  healed. 
After  about  one  month,  pain  in  the  region  of  the  injury  developed  and  tlie  uonnd 
again  opened  and  discharged  pus.  Following  the  first  lesion,  other  nodular  lesions 
developed  in  various  places  in  the  foot,  and  then  subsequently  opened  and  di.i 
charged  pus.     The  foot  slowly  grew  larger  until  it  attained  its  present  size. 

The  patient,  on  admission,  is  a  somewhat  frail,  antemic  woman,  apparently 
about  40  years  of  age,  although  she  states  she  is  but  30.  She  says  she  is  in 
good  health,  were  it  not  for  pain  and  soreness  of  the  right  foot  and  her  inability 
to  walk,  because  of  the  size  and  weight  of  this  member      The  henrt  and  vessels, 
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if  a  considerable  prominence  of  the  superficial  veins  alioiit  the  chest  is  excepted, 
appear  to  be  normal.  The  blood  is  free  from  parasiteB.  Hemoglobin,  85  per 
cent;  red  cells,  4,200,000;  leucocytes,  7,000.  The  leucocytes  by  differential  de- 
termination show  4  per  cent  eoainophilea  as  the  only  departure  from  normal. 
Her  appetite  is  good  «.nd  no  diaturbance  of  the  bowel  fuuctiin  ia  apparent  although 
the  cifciim  on  palpation  appears  to  he  thickened  and  tender  There  is  no  cough 
and  a  physical  examination  of  the  chest  is  negative  There  are  no  symptoms 
attributable  to  disturbance  of  the  urinary  syteni  and  the  urine  is  normal  The 
1  terus  IS  retroflexed  and  bound  down  by  adhesifns  and  there  is  tenderncHa  m 
tbe  reg  on  of  the  right  oiary  The  cutaneous  system  appears  to  be  normal  except 
ng  oier  the  riifht  foot  The  superficial  lymphatics  particularly  in  the  right 
groin  are  moderateh  enlarged  ii  i  quite  firm  Pain  of  &  dull  character  and 
n  t  severe  la  present  in  the  ngbt  foot  more  pronounced  when  the  patient  is  in 
the  upright  position      The  refie^es  and  sensation  in  general  are  normal 

The  right  foot  (shoivn  in  PI  I  Rg  1 )  is  much  enlarged  and  baa  the  appearance 
described  in  mycetoma  The  toes  aie  aprefld  apart  and  appear  t  be  turned 
upward  because  of  the  swelling  of  the  ball  of  the  foot  There  are  numerous 
punched  out  erjterlike  openings  whi  h  communicate  bv  sinuses  throughout  the 
foot  These  are  so  extensive  that  a  probe  may  he  passed  in  almost  any  1  rection 
through  tbe  member  Pressure  shows  a  moderatelT  firm  but  spongy  consist 
ency  and  if  applied  on  one  point  will  ctuse  i  discharge  from  several  openings 
at  the  aj.me  t  me  There  is  some  general  tenderness  and  but  slight  alteration 
in  sensation  The  process  apparently  stops  short  at  the  ankle  Other  earlier 
lesions  lie  present  in  addition  to  those  alreadv  mentioned  These  appear  some 
what  to  differ  from  the  usually  described  earU  lesions  of  mycetoma  They 
consist  of  s(ft  dark  colored  nodular  masses  of  various  sizes  nhieh  when  opened 
bleed  mfst  piofuselj    exuding  a  dark  venous  like  bkod 

The  lesions  vhen  examined  microscopically  m  addition  to  blood  contain 
other  degenerating  cells  The  'ilieptnthnj:  about  ti)  be  described  may  also  be 
observed  Cultures  and  smears  were  made  from  the  lesions  The  HtrfptothrMC 
was  seen  in  tie  smears   but  all  cultures  made  at  this  time  remained  sterile 

The  patient  nas  transfeired  to  the  surgical  service  of  Drs  McDill  and  Dudiej 
and  acting  upon  the  recommendations  made  in  the  hteriturt  Dr  F  W  Dudley 
performed  an  amputation  of  the  leg  at  the  lower  third 

The  patient  made  a  satisfactory  remierv  from  the  peration  and  after  five 
months  there  his  been  no  recurrence  of  the  disease 


GrjM  pathologti — The  foot  was  lent  to  ttie  authors  at  the  Bureau  of 
Science  immediateh  aftei  the  operation  An  examination  of  sawed 
sections  cf  the  tibia  ani  fibula  Bhow«  that  the  m^cetomatous  lesion 
extend=!  to  about  "i  centimeter*  above  the  ankle  pint  the  paiasitic  growth 
being  demonstrated  m  the  bone  manow  and  the  medullary  tanal  of  the 
tibij  The  appearance  of  the  foot  in  general  correfponds  with  the  usual 
descriptions  given  for  a  well  advanced  mycetoma  of  the  ochroid  variety 
There  is  general  enlargement  to  at  least  twice  the  normal  size  This  en 
largement  is  perhaps  more  marked  on  the  ball  of  the  foot  giving  to  the 
toes  the  appearance  of  being  turned  upward  and  spiead  apart  The 
externa]  lesions  are  of  two  kinds  the  fir^t  being  craterlike  nodular  and 
more  or  leas  whitish  in  color    usualh   containing  an  opening  m  the 
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center,  tht  second  aie  the  earlier  leddiih  soft  fluLtuating  nodules, 
which  when  opened  seem  to  contain  a  dark  matenal  appeanng  like 
venous  lilood  Stagei  of  the  leRione  m  character  between  these  two 
mav  be  seen  md  smaller  nodules,  from  3  lo  S  milbmeteig  in  diameter, 
resembling  the  large  ones  in  all  respects  except  that  the>  contain  no 
openings  are  also  piesent  The  skin  m  general  is  not  much  thickened, 
but  it  is  rather  tense  o\et  the  swollen  subcutaneous  and  other  tissues 
The  openings  on  the  cutaneous  luitate  aie  directs  continuous  with 
sinuses  which  run  m  all  direitions  through  the  foot  and  which  connect 
freel>  with  each  othei  It  is  very  eas\  to  section  the  foot  the  knife 
passing  readily  m  all  directions  because  of  almost  complete  destruction  of 
the  honj  tissuei  The  cut  surface  shows  a  mass  of  disorganized  and 
degenerated  tissue,  uithout  eiidemf  of  inflammafton,  and  an  abundance 
of  oih  slighth  tenacious  liquid  exudes  not  onl^  fiom  these  surfaces 
hut  also  from  the  sinuses  exposed  bi  the  section  This  fluid  contains 
the  BO-called  "fish  roe  granules,  which  \arv  m  size  from  those  only 
obsenable  under  the  inicroi.c3pe  to  others  *  millimeters  or  more  m 
diameter  The  masses  have  a  vellowish  color  and  when  pleased  out  and 
examined  under  the  microscope  are  seen  to  he  made  up  of  degenerated 
cells,  dSbns  and  the  Sirepfothnx  about  to  be  described 

Hi^tohgi/ —'Nothmfi  ver>  definite  can  be  obsened  m  the  sections 
There  is  uniform  destruction  of  the  tissues,  with  but  alight  evidence  of 
repair.  Many  specimens  from  all  parts  of  the  diseased  foot  were  re- 
moved for  section  and  were  prepared  by  the  Zenker,  alcohol  and  for- 
malin, and  by  the  Levaditi  method;  and  for  purposes  of  study  many 
stains  were  used,  including  the  Ziehl-Neelson  stain  for  tubercle  bacilli; 
the  Gram-Weigert ;  Levaditi's  methylene  blue;  Wright's  blood  stain; 
Giemsa's  and  the  general  aniline  dyes.  The  first  two  of  these  were  very 
satisfactory,  particularly  the  Grain-Weigert  method. 

The  following  method  used  by  Mr.  Willyoung  is  particularly  good 
for  studying  sections  of  the  larger  granules: 

The  tissup  is  stained  in  warm  earbol-fuchain  for  ten  minutes,  decolorized  in 
5  per  cent  nitric  acid  ftlcohol  for  from  five  to  fifteen  seconds,  washed  in  wafer, 
counter-stained  for  five  minutes  in  a  concentrated  Siqueous  solution  of  methylene 
blue;  washed  in  water,  then  iu  95  per  cent  alcohol  and  finally  in  absolute  alcohol, 
cleared  in  xylol  and  mounted  in  balsam.  With  thia  stain  the  Streplothrix  takes 
a  bright  red  color,  whereas  the  tiaaues  become  blue 

Sections  taken  from  the  skin  at  a  distance  from  the  openings  demon- 
strate very  little  change.  In  some  places  the  walls  of  the  small  blood 
vessels  are  thickened  and  in  a  few  instances  these  are  surrounded  by  an 
area  of  moderate,  round-cell  infiltration.  Sections  through  the  margins 
of  the  openings  show  a  necrotiu  zone  without  any  areas  of  infiltration, 
or  any  other  marked  evidence  of  tissue  repair  or  reaction.  Some  of 
these  sections  contain  small  granules  of  the  Strepiothrix  and  in  other 
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instant  ea  niH^lial  threads  may  be  seen  The  alteration  m  tisBue  in  sec 
tions  from  man*  (ther  places  in  the  foot  is  so  gieat  as  to  render  the 
differentiation  of  the  various  elements  imposflible 

The  Tvhole  foot  is  practically  a  mass  of  degenerated  tissue  debris 
an  1  fungus  elements  m  which  an  occasional  recognizable  piece  of  nerve 
bone  or  tendon  maj  be  seen  There  are  areas  of  fixed  tissue-cell  prolif 
eration  in  places  usually  surrounding  a  partially  occluded  blood  vessel 
H  a  granule  of  the  tungus  mass  Evidences  of  repair  of  tissue  or  of 
icute  inflammation  are  almost  entireh  absent  The  '^tnptothnx  is 
tounl  m  the  settions  m  the  form  of  granules  and  of  occasional  mycelial 
threads  both  of  these  t^pes  being  evident  m  masses  of  debris  Ijmg  m 
somewhat  definitely  outlined  cavities  and  again  among  better  preserved 
tiBisue  (ells  The  granules  varv  in  size  tiom  about  35  ;i  to  5  millimeters 
or  more  and  although  they  usually  are  oval  or  round  in  the  smaller 
masses  they  are  of  dumb  bell  or  more  irregular  shapes  in  the  larger  ones 
The  smallei  granule'  when  appropiiateh  stained  appear  aa  Longlomerate 
masses  of  micelia  like  puffballs  in  which  d^enerated  cells  crystals 
and  unstamable  d^bns  may  be  embedded  the  margins  of  these  granules 
often  bhow  a  more  i  less  definite  radiation  of  fibers  from  the  central 
mass  coLCOid  and  other  irregular  forms  being  rare  The  picture  is 
somewhat  different  in  the  larger  granules  These  when  they  are  cut 
through  in  the  procew.  ot  sectioning  show  three  fairly  well  marked 
/ones  The  outer  of  these  is  made  np  largely  ot  radiating  mjcelial 
hjlies  f  varying  shapes  some  appeanng  as  hjphse  others  as  twisted 
and  bent  m\reha  and  in  some  sections  a  more  or  less  definite  ctub 
formation  ma)  be  noted  The  middle  zone  is  composed  ot  irregularly 
intemo\en  micelia  ^w\\^\  a  few  irregular  forma  a  mass  of  poorlv  stain 
ing  matenal  degenerated  cells  and  a  few  crj  stals  is  embedded  in  it  The 
third  or  inner  zone  seems  to  resemble  a  cavit>  filled  with  granular  and 
hyaline  matter  broken  diwn  cellh  and  irregular  tomis  of  the  '^trepto 
fkrta:  these  latter  beinj,  of  seitral  shapes  of  which  the  bacillar\  anrt 
f occos  like  predominate      (PI    I  ti^  1  ) 

THE  SlUEPTOTIIltlX. 

Morphology. — A  Streptothrix  answering  to  the  following  description 
waa  found  in  large  numbei^  in  the  discharges  from  the  open  sinuses 
and  the  various  tissues  of  the  diseased  foot  after  amputation;  it  was 
cultivated  and  the  disease  was  produced  in  monkeys'  feet  by  inoculation 
with  cultures  and  scrapings  from  the  amputated  member. 

The  discharges  and  scrapings  from  the  cut  surfaces  of  the  foot,  on 
microscopic  examination,  show  the  distribution  of  the  Streptothrix 
to  be  very  general  and  not  confined  to  any  particular  tissue,  or  even  to 
the  sinuses  and  cavities.     The  organism  is  easily  recognizable  in  fresh 
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coverglass  preparations  It  occurs  m  several  foimi  Ihe  mftet  im 
portant  of  these  are  granules  cf  varying  sizes  the  larger  ones  hemg  of 
the  fabh  roe  type  discusiied  bi  several  authors  Tlie^e  granules  are  of 
a  dull,  yellowish  white  the  }elloft]8h  tolor  being  more  pronounced  in 
the  iarj;er  \nd  hardly  notiLeable  in  the  sniallei  ones  Thej  are  of  a 
tough  dough  hke  consistency  they  ma>  be  washed  and  handled  with 
impunity  and  show  evidences  of  considetahle  elasticity  They  vary  m 
diameter  from  0  3  >  to  5  inilliinPter=(  or  more  are  >t  dnerse  shapes  the 
\erv  small  ones  usualh  hem^  oval  the  onformation  differing  as  they 
grjw  larger  When  pressed  out  bv  a  co\er  glas9  and  e\amined  under  a 
low  pDwer  of  the  microscope  the\  somewhat  lesemble  m  appearance 
similar  prepaiations  ot  irttnomyres  kominii  however  the  ray  forma 
ti>n  IE  a  much  leas  distinctive  feature  and  the  club  appearances  aie  ab 
«ent  or  much  less  noticeablt  Under  the  h  gh  poweis  of  the  microscope 
the  smaller  gianule*  are  seen  to  be  made  up  of  a  mass  of  interwoven 
tungoid  hlaments  with  a  n  ere  or  less  deiinite  j  ictuie  ot  radiation  of  the 
htaments  at  the  margins  The  central  portion  m  larger  and  older  gran 
ules  contains  fewer  ot  the  hlamentouii  forms  but  theie  are  numerous 
baciUarv  and  coccus  hke  \ar  eties  togethei  with  crystals  1  right  fhinmg 
imall  round  bodies  and  debris  the  whale  n  aking  up  a  more  or  less 
dense  ma'ss  which  as  it  were  constitutes  a  ca\e  for  the  granult.  Outside 
of  this  mass  tl  ere  is  a  zone  it  interlacing  hlament?  in  which  0611=!  and 
debris  are  embedded  and  fmally  the  outer  fringe  1=!  made  up  Urgely  ot 
terminal  branches  loops  and  hiphffi  which  are  forms  ot  the  fungus 
Here  as  is  the  case  m  the  smaller  noiules  there  is  some  attempt  at 
radiation  and  m  certain  ot  the  Bpecimens  definite  clubs  may  be  seen 
The  ktreptothrix  hkewise  otten  appears  m  the  fresh  material  as  a  some- 
what skem  like  mass  ot  falament  or  mjeelia  with  hyphee  and  occasion il 
lound  form  These  filaments  ^^e  often  found  free  m  the  discharge 
and  because  of  their  loose  stiucture  aie  good  specimens  for  e\amina 
tion  Still  other  tjpes  of  the  '^tr  ptothiix  are  sometimes  present 
These  consist  of  a  single  filament  or  ot  a  few  small  round  glistening 
bodies  l^ing  tiee  m  the  secretion  The  nature  of  these  small  round 
refractue  bodies  is  not  entirely  clear  The\  are  found  free  bound  up 
m  meshes  of  mycelia,  and  what  appear  to  be  similar  structures  are  some 
times  observed  inclosed  withm  large  tmed  tissue  cells  this  process  ot 
mclosure  ippirenth  being  one  of  phagocytosis  "icllowish  crjstals  ot 
various  sizes  and  shapes  the  products  of  parasitic  activity  occui  in  the 
discharge  in  small  jroups  or  singly  \  pigment  of  the  appearance  ot 
haemoglobin  maj  also  be  seen 

The  individual  elements  of  the  Siriptoihnx  gi^e  mteiesting  pictures 
when  thej    are  examined  with  the  highest  powers  of  the  microscop 
The  hvphffi  like  forms  seem  to  >e  made  up  of  a   delicate  membrane 
Lovenng  a  homogenecus  anl  unlroken  core    m  the  older    mycelial  tvpe 
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the  outer  membrane  appears  to  be  irregular  ia  thickness  and  density  and 
absent  in  places;  the  inner  portion  is  also  frequently  and  irregularly 
broken,  and  thus  the  appearances  of  bacilJary  and  ovoi(5  or  coccal  sections 
is  produced.  Branching  forms  are  plentiful,  the  branches  first  appar- 
ently appearing  as  bods,  which  grow  to  hyphse  from  the  side  of  the 
mycelial  thread.  True  dichotomous  division  has  not  been  observed. 
The  small,  round  bodies  mentioned  above  often  appear  to  have  a  double 
containing  wall  and  they  vary  in  diameter  from  3  to  10  p,. 

Staining. — The  Strepiothrix  takes  the  majority  of  the  ordinary  stains 
in  preparations  of  fresh  material;  it  is  stained  by  the  Gram-Weigert 
method,  and  its  acid-fast  and  alcohol-fast  properties  are  quite  marked, 
particularly  in  the  older  filaments. 

The  Ziehl-Neelson-Gabbet  method  for  staining  the  tubercle  bacillus 
is  also  very  satisfactory  for  Streptoihnx  freeri,  the  fungus  eleijients 
assuming  the  same  bright  red  color  which  ia  imparted  to  tubercle  bacilli. 
The  structure  of  the  granules  becomes  fairly  apparent  by  the  various 
methods  of  staining  and  the  specimens  confirm  the  observations  already 
recorded  when  discussing  the  fresh  materials. 

Stained  specimens  which  show  the  individual  elements  give  some 
interesting  results.  Some  specimens,  when  they  are  colored  by  the 
method  used  for  tubercle  bacilli,  contain  bo  many  of  the  bacillary  forms 
which  take  the  red  stain  and  which  closely  resemble  Bacillus  tuberculosis, 
that  we  at  first  thought  the  latter  organism  was  also  present  in  our 
cultures.  However,  further  study  has  shown  these,  as  well  as  the  coccal 
and  other  irregular  forms,  to  result  from  the  breaking  up  of  the  older 
mycelial  filaments.  These  bodies  which  resemble  tubercle  bacilli  may 
sometimes  be  seen  in  the  filamentous  myeelia,  still  surrounded  by  the 
unbroken  sheath. 

Cultures. — Cultures  on  agar  and  glycerin  agar,  from  the  open  wounds 
before  amputation  and  after  the  foot  had  been  dressed  for  twenty-four 
hours  in  a  wet  bichloride  dressing,  remained  sterile.  The  Strepiothrix 
was  cultivated  without  diificulty  from  the  sinuses  and  tissues  of  the 
amputated  foot  and  no  bacteria  were  present  except  when  the  cultures 
were  taken  from  those  surfaces  contaminated  by  the  knife  in  opening 
the  foot;  in  the  latter  instances  saprophytic  bacteria  were  also  present. 

Lesions  from  which  the  Strepiothrix  was  obtained  in  pure  culture 
were  produced  in  monkeys  after  the  inoculation  of  fresh  material. 
The  microorganism  is  aerobic  and  it  grows  with  greater  or  less  readi- 
ness upon  most  of  the  ordinary  laboratory  media.  Cultures  upon  media 
containing  sugar  or  glycerin  and  upon  potato  have  some  color,  which 
varies  in  intensity. 

A  profuse  growth  appears  in  a  few  days  in  certain  media,  but  in  others 
the  development  ia  much  slower.  Potato,  sugar  containing  media,  and 
glycerin  agar  at  37°  C,  are  best  adapted  to  the  growth  of  the  fungus, 
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but  a  slower  dei elopment  takes  place  eien  at  ordin»r>  room  temperature 
(30°  C  )      The  organiBm  is  an  obligate  aerobe 

Potato — Grcwth.  becomes  visible  after  tttentyfour  ImurB  and  after  ae\ent( 
two  beeomea  luxuriant  The  coloniei  when  they  fiiit  beeomp  apparent  are  small 
discrete  and  shghtly  raiatd  and  bave  a  delioate  pink  color  *a  growth  proceeds 
thej  become  larger  at  the  base  and  raised  to  a  height  of  at  least  0  1  millimeter 
The  upper  portion  of  the  colons  appears  aa  a  fhort  abred  which  often  folds  upon 
itself,  Riving  it  the  apptarance  of  being  umbihcated  The  whole  inoculatPd  surfice 
finalh  changes  to  a  heaped  up  mass  wlin,h  has  a  yellow  ocher  c  lor  in  the 
center  with  a  pinkish  or  white  periphery  The  medium  become)  darkened  and 
m<  lat  The  growth  may  be  lifted  in  heaps  n  a  platinum  loop  Desegmentation 
occurs  when  it  is  placid  in  water  and  small  flat  particles  from  delicate  pink 
to  a  yellowish  blown  color  and  whn,h  lesemble  dry  bran  float  upon  the  surface 
on  shaking  tie  vessel  the  particles  adhere  to  the  aides  of  the  \esael  |PI  I\ 
fig    2) 

Qlycerirt  agnr— Growth  appears  after  three  days  later  it  becomes  heaped  up 
the  medium  remaining  moist  The  colonies  at  first  are  discrete  but  they  soon 
become  confluent  but  not  liffuse  thev  are  raised  and  in  some  instances  have 
the  umbilioated  appearance  observed  on  potato  As  the  cultures  grow  older 
thej  to  some  extent  resemble  those  ot  the  tubertle  bacill  s  on  the  same  medium 
\  yellowish  pigment  is  produced  more  prcnounced  in  tht  central  portion  where 
the  growth  is  more  luxuriant  with  a  pink  to  pinkish  white  Jtenpheri  The 
gro«th  may  readily  be  peeled  from  the  surface  of  the  medium  and  when  observed 
m  bulk  it  has  a  m<  ist  appearanct  No  pigmentation  of  the  medium  occurs 
(PI   IV.  fig   1) 

Agar  aqat  1  per  cent  opirf  and  1  per  cent  alkal  ne  to  pkenolphthalein — The 
growth  after  four  days  incubati  n  appears  as  a  smooth  wl  ite  and  glistening 
\erv  slightly  raised  mass  The  colonies  do  not  develop  tie  central  pit  thus 
differing  from  their  appearance  on  potato  ghcerin  agar  and  the  media  containing 
sugar  neither  do  they  produce  the  pigment  whith  is  characteristic  of  growth 
on  the  lattei  but  on  the  contrary  they  first  assume  a  porcelain  white  color  and 
later  develop  a  delicate   difluse  pink      There  is  no  pigmentation  of  the  medium 

I  oefffer's  blood  strum —Growth  on  this  is  much  slower  than  on  other  media 
The  pigmentation  and  growth  are  ^ery  similar  to  those  on  plain  agar  agar  After 
two  weeks   incubation  no  change  in  the  medium  occurs 

nincoee  agar  s(a6 — Colonies  do  not  develop  along  the  track  of  the  needle  but 
thej  grow  luxunantlj  on  the  surface  of  the  medium  forming  a  heaped  up  center 
with  a  wrinkled  peripherj  The  center  is  jellow  m  color  the  periphery  pink 
to  pinkish  white  No  pigmentation  of  the  medium  occurs  The  grtwth  on  this 
medium  shows  the  aSrobic  tendencies  of  the  micrcM  rganism 

OeJohn  —This  medium  is  not  liquefied  growth  is  similar  to  that  on  glucose 
agar 

BomtloH  aUahne  and  acid  ^Floating  flat  particles  appear  on  the  surface  of 
the  medium  after  three  davs  incubation  These  partitles  when  the  tube  is 
shaken  adhere  to  its  sides  t)n  further  incubation  a  sediment  in  the  form  of 
a  tenacious  mass  settles  to  the  bottom  The  medium  does  not  becjme  cloudy  but 
on  long  incubation  it  changes  to  a  darker  c  lor 

Alkahne  Iiimus  mtIS  — Crowth  appears  after  three  davs  on  tie  surface  of 
the  medium  m  the  form  of  dr\  flat  particles  which  later  become  confluent  form 
ing  a  heaped  up  yellowish  mass  A  tenacious  sediment  forms  it  the  bottom 
of  the  tube  in  this  portion  of  the  medium  the  milk  is  gradually  decolorized 
however    it  does  not  become  red      The  miik  is  not  coagulated 
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Lactoae-Utmvi  agar  »lab. — The  growth  on  this  medium  is  eimilar  to  that 
on  the  glucose  agar  atab  and  it  produces  no  change  in  tlie  reaction  of  the  medium. 

Potato  in/usH>n— The  gro»th  is  simiJar  to  that  on  houillon;  however,  no 
pigment  is  produied  and  the  medium  is  not  altered. 

Belatxon  of  grouth  to  temperature  and  resistance  to  heat. — Growth 
was  observed  both  at  room  temperature  and  at  37°  C,  but  under  the 
foimer  condition,  it  was  mui.h  slower  and  less  pigment  is  produced  than 
at  the  temperatuie  of  the  incubator  No  growth  occurs  in  cultures 
after  exposuie  to  T""  for  16  minutes 

AXIMAL  KXPEHIMENTS. 

The  spiies  mdudcb  forty  monkeys  (Cynomolgus  pMlippinenxis 
Geoff ),  gulne^  pigs  rabbits,  dogs  and  pigeons  In  nearly  every  in- 
stance letions  Lharaeteristic  of  mycetoma  were  artificialh  produced  b> 
intrapentDueal  inoculation,  with  the  exception  of  the  rabbits  and  pigeons 
Three  tvpical  e\ample=  of  Madura  foot  deieloped  m  monKe^s  after 
injection  of  the  orgamim  into  tht  foot  (See  PI  I  figs  i  and  i  )  On 
the  other  hand,  in  no  mttance  was  a  progressne  disease  produced  by 
\uhcutantona  inoculation  m  other  part«  of  the  body 


Monkey  numbei  SibS — Inoculated  into  the  abdominal  cavity  with  material 
from  the  original  case  ^fter  li\e  dajs  a  amall  tumor  uas  located  above  the 
bladder  in  the  left  inguinal  region  anl  three  da\8  later  the  animal  was  found 
to  be  in  a  d^ing  conditicn      It  was  immediately  killed  and  autopsj   performed 

iutopsy  — Heart  and  lungs  appear  n  rmai  no  fluid  in  either  cavity  Spleen 
liver  and  kidnev**  normal  some  fluid  found  in  the  abdominal  ca>iti  K  tumor 
3  centimeters  in  diameter  I'l  present  luat  above  and  (o  the  left  of  the  bladder 
This  tumiir  la  surrounded  bj  adhesions  and  is  adherent  to  the  omentum  abdominal 
wall  and  inteatme  it  la  extremelj  firm  m  the  eenler  with  a  surrounding 
oedematou''  coat  The  cut  section  shows  several  small  iinuaes  from  which  imall 
quantities  of  pus  luav  be  expressed  Small  distinct  refractive  granules  can 
be  seen  macroscopically  none  larger  than  a  pin  head  Smears  show  the  pres 
enee  of  a  Streptothrvn  and  &   freer*  was  reclaimed  in  pure  cultures 

Monheg  number  5269 —Inoculated  with  the  material  from  the  preiious  animal 
\fter  SIX  da^a  the  animal  shoved  a  disposition  to  sit  in  a  cramped  position 
On  palpation  a  nodule  about  2  centimeters  in  diameter  which  seemed  to  be 
attached  to  the  ihdominal  wall  was  located  m  the  abdominal  cavity  Eight 
daja  later  the  animal  was  found  to  be  m  a  dimg  i-ondition  It  was  killed  and 
autopsy  performed  immediately 

iiitopsv — Lungs  heait  h\er  and  kidne*s  normal  Some  fluid  is  found  in  the 
abdominal  cavitj  Aboie  the  bladder  and  occupying  the  entire  abdominal  cavit* 
there  is  a  firm  mass  composed  of  necrotic  tissue  and  compact  adhesnns  of  the 
intestinal  coils  to  the  abdominal  wall  and  to  the  omentum  A  cut  section  shows 
numerous  sinuses  surrounded  bj  thickened  walls  in  some  instances  these  sinuses 
haie  burrowed  through  the  walls  of  the  intestines  and  in  others  into  the  wall  of 
the  abdomen  A  thicic  cream  like  discharge  in  which  smalt,  gliHt«ning  grains 
or  granules  are  iisible  cin  be  pressed  from  the  cayities  Pure  cultures  of  the 
hliiptothnx  were  cbtnmed 
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Monkey  number  3S01 — Inoculatei  with  0  2  of  a  potato  slant  culture  obtainei 
from  monkei  number  t'68  After  ten  da\a  a  amall  noiulp  ould  be  felt  abo>e 
the  bladder  in  the  left  inguinal  region  beveral  da^s  later  multiple  nodules 
developed    and  ten  da't<<  afterward  the  animal  died 

luiopsi/  — Several  distinct  nodules  which  contain  thick  cream  like  pus  are 
piesent  Anterior  to  and  i  little  alx»e  the  bladder  there  is  a  tumor  2  centi 
meterti  m  diameter  bound  by  adhesions  to  the  mesentery  of  the  descending  colon 
to  LOili  of  the  small  intestine  and  to  the  abdominal  wall  On  section  of  the 
tumi  r  s.  heai'j  cream  like  pus  ia  discharged  from  the  center  the  surrounding, 
mass  13  composed  of  a  necrotic  material  containing  small  sinuses  filled  with  pus 
Smears  show  numerous  growths  of  the  StreptothrvE 

Monkey  nnmber  StOS — Inoculated  with  025  of  a  potato  slant  culture  The 
animal  died  ten  days  later  the  le-ions  being  similar  to  those  found  in  animal 
number  3307 

Monli.ey  mimher  SSO'I  —Inoculated  with  0  25  of  a  potato  slant  culture  in  the 
abdominal  cavity  The  animal  is  stilt  living  thirty  daja  after  the  inoculation 
On  palpation  a  small  nodule  can  be  distinguished  in  tl  e  I  wer  porti  n  of  the 
abdominal   cavity 


Guinea  pig  nan  be  3111  — Inoti  lated  witl  a  small  amount  of  the  culture  grown 
from  monkey  number  3369      The  animal  died  seien  la^s  after  the  inoculation. 

Autopsy — Ten  cubic  centimeters  of  i  eleir  fluid  are  found  in  the  abdominal 
ca'vity  the  heart  is  alightlv  dilated  the  lunf,s  congested  the  diaphragm  shows 
numerous  small  superficial  abscesses  \arving  in  sire  the  largest  not  more  than 
2  millimeters  in  diameter  Ihe  liver  is  intensely  congested  and  contains  similar 
abscesses  and  they  are  also  found  in  the  omentum  mesenter>  and  spleen  Pure 
cultures  of  the  mi cr< organism  were  obtained  from  the  abscesses 

Guinea  pig  number  SSl-i  —Inoculated  with  a  small  amount  of  the  cult  ire  fjrown 
from  m  nkei  number  3219      The  animal  died  ten  days  later. 

Aalopsy  demonstrates  lesions  identical  in  character  with  those  found  in  guinea 
pig  number  3313 

Oainea  pig  nvmber  S3  S  — Innmlated  with  0  5  cubic  centimeter  of  an  emulsion 
f  material  from  ahHcesses  from  monkey  number  3269.  At  the  present  time,  one 
month  later   the  animal  is  still  living  ind  seems  to  be  in  good  health. 

INTBAPEBITONtAL   IBOIULATI0TJ8   Oi    DOGS,   BABBITB    AND   PIGEONS. 

Three  healthy  dogs  weighing  about  S  kilograms  each  were  used  in  these  eiperi- 
ments  In  eiery  case  lesions  identical  in  appearance  with  those  described  in  the 
m  nkeis  developel 

Ten  rabbits  and  three  pigeons  were  inoculated  with  fresh  material  fr<Hn  lesions 
and  with  cultures  of  varying  ages  hut  in  all  cases  the  results  were  negative. 

SUBCUTANEOUS    AND    INTBAVENOUS    INOCULATIONS. 

Subcutaneous  moiulations  into  a  large  number  of  rabbits,  guinea  pigs,  dogs 
and  monkeys  all  giie  the  same  results  Small  nodules  developed  onlj  at  the 
points  of  inoLulation,  these  soon  underwent  resolution  and  finally  healed  In 
many  instances  pure  lultures  of  the  Streptothriit  were  obtained  from  the 
discharges 

Cultures  and  emulsions  of  the  fresh  material  were  used  for  intravenous  inocula- 
tion of  rabbits,  but  all  the  results  were  negative 
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Monkey  number  3266  wa»  inoculated  nith  fresh  material  in  the  left  foot  after 
inciaion  and  scraping  the  metatarwil  bonei  Sixteen  dft>3  later  a  marked  svtelling 
of  the  foot  developed  and  after  twentj  daiH  numerous  suppurative  lesions 
appeared  bet\«een  the  toe''  lr  the  ball  of  the  foot  and  on  the  heel  The  animal 
died  of  malnutrition 

Section  of  the  foot  —  4  cut  section  of  foot  sbined  a  "light  neoroais  of  the  tarsal 
bones  and  numertU''  sinuses  containing  pus  surrounded  b;  necrotic  material 
extended  throilghout  the  organ  4.  pure  culture  if  the  microdrganism  ivas  isolated 
from  the  discharge 

Monkey  number  3310  — inoculated  with  0  25  of  a  potato  slant  culture  in  the 
ball  of  the  foot  After  ten  dajs  a  marked  quelling  deieloped  this  afterward  sup 
purat«d  and  broke  down  discharging  a  viscid  cream  like  pus  containing  a  quan 
tity  of  the  StreptothTuc  At  present  the  anima!  is  atiU  living  and  shows  a 
typical  Madura  foot      (See  PI    I    fig   2  ) 

Monkey  number  3311  Inoculated  iiith  0  25  of  a  slant  potato  culture  in  the 
ball  of  the  foot  the  animal  is  still  liMng  and  presents  the  same  characteristic 
lesions  as  does  monkey  number  3310      l^ee  Fl    I    fig   ^  ) 

HISTORY     \ND   IlrrliATURE 

Notwithstanding  the  inaciee-iibilit^  af  many  of  the  older  articles  m 
thp  onginal,  we  ha\t  been  able  to  ptud>  practicill)  all  of  the  important 
discussions  of  this  subject  and  from  these  as  well  a"!  trom  other  reter 
enceB  Miss  Polk  librarian  of  the  Bureau  has  been  able  to  compile  a  fairly 
complete  bibliography  No  article  of  great  importance,  except  from  an 
histonual  standpoint  existed  betore  the  observations  of  Vand)ke  Carter, 
which  extended  from  18i4  to  1874  The  greater  part  ot  the  oldest 
hterature  is  in  the  English  Arnn  Repoita  from  India  and  therefore  is 
not  avadable  to  the  general  public 

Kttmpfer  |17I2)  according  to  &ehpube  "as  tbe  llrst  European  phjsician  to 
mention  tbe  disease  which  he  discussed  under  the  name  Pertcal  The  same 
author  states  that  Heynea  [I80G)  reviewed  the  subject  in  his  historic  and  statis 
tual  newH  of  India  Brth  of  these  writers  and  peihapa  all  others  before  1840, 
cjnfustd  Maduri  toi t  with  elephantiaaia  and  ither  independent  diaeasea  How 
(.\er  to  judge  frcm  the  translation  of  some  of  tbe  older  native  namea  tt  aeems 
tbit  it  was  considered  to  be  aometbing  ajiecihi  and  definite  by  the  natives  of 
India  Scheube  informs  ua  that  Brett  1 1840)  waa  the  first  author  to  indicate 
that  Madura  foot  is  a  specific  disease 

During  the  ten  yenis  from  1840  to  1850  mention  of  the  disease  occurs 
several  times  tbe  following  mai  be  mentioned  Gill  (1842)  reported  it  from 
Madura  Godfrev  (1844)  frjm  Bellari  Colebrook  (1844)  from  Madras 
Gnnther  (1944)  from  Coddapah  Eyri,  (1848)  reported  cases  from  Bellary 
and  according  to  Hirsch  made  tbe  first  collection  of  the  literature  and  he 
IS  well  as  Godfrey  and  Colebrook'  (1850)  gave  a  general  description  of  tbe 
diseaie  the  latter  indicating  ita  apecific  character  Scheube  states  that  Ballingal 
(18^5)  reported  one  case  and  first  described  the  infection  in  detail  as  being 
of  a  parasitic  nature.  A  careful  description  was  also  given  bj  Eyre  (1860), 
by   Collas    (1801),    (Hirsch)    and   Biddle    (1862),   who   reported   cases,   and   by 

'  Military  Med.  Reports,  Madras  (1830), 
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Hirich  (lK(i3  and  1881  )  \ilu  ga  e  a  ^enpral  and  hiBfwncal  review  Co 
querel  (1K66)  published  a  report  of  one  case  of  mycetoma  He  recognized  and 
illustrated  the  fungus  element*  present  m  the  lesions  Hirsch  aisn  states  that 
Mmas  added  several  cases  from  Hindoatan  to  the  literature  and  Atchison  gave 
several  instances  of  the  disease  from  Jheltn  in  the  Punjab  According  to  Le 
Dantee  Duval  Ber^nger  FSrand  and  (  arpot  eneountered  eases  which  they  men 
tioned  in  the  literature  in  Senegambia  and  I  egrain  m  Algiers  Moxon  and  Hogg ' 
note  lungUB  like  filaments  m  the  granules  in  an  instance  of  ockro^d  ixiycetoma 
Bnstowe  made  a  stud}  of  the  melanoid  granules  in  one  case  He  recognized 
the  presence  of  a  fungus  which  he  eoniidered  to  he  identical  with  that  discovered 
by  Carter  During'  and  Rochefort'  according  to  Scheube  aiso  mention  the 
disease  Hogg  studied  a  case  of  the  melanoid  tvpe  and  recognized  the  presence 
of  a  fungui  in  the  hlacli  granules  The  patient  nas  cut  on  the  foot  b>  a  stone 
SIX  months  before  the  deielupment  of  the  symptims  Berkeley  °  (.ulttvated  a 
fungus  from  specimens  *"ent  to  him  bv  Carter  and  named  it  (  kwnyphe  coriTi  but 
subsequently  denied  the  etiologic  significance  of  this  parasit«.  Fox '  reported  cases 
of  the  disease  and  in  discussing  the  etiology  questioned  the  importance  of  the 
fungoid  elements  which  had  been  described  in  this  connection. 

Lewis  and  Cunningham^"  after  a  study  of  the  tissues  obtained  from  a  ease 
of  the  infection  came  to  the  conclusion  that  mycetoma  was  "essentially  a 
degeneration  of  the  fatty  tissues,  independent  of  the  local  presi^nce  oi*  influence  of 
any  parasites  whatever." 

Regardless  of  the  pre\ious  histoi-y  of  mycotoma,  we  owe  the  dstablish- 
ment  of  the  condition  as  an  inrlependent  and  specific  disease  to  which  this 
author  ga^e  the  accepted  name,  mycetoma,  to  the  researches  of  V'andyke 
Carter,  who  began  the  work  in  18.'i9  and  who  finished  his  publications 
by  a  monograph "  m  1874.  In  the  first  of  his  articles  Dr.  Carter 
strongly  upholils  the  fungus  nature  of  the  infection  and  his  publication 
is  so  complete  as  to  "leave  but  little  to  add,  even  at  this  day.  excepting 
discussions  concerning  the  etiology  and  histology  of  Madura  foot.  Carter 
states  that  in  October,  1859,  he  examined  an  amputated  foot  immediately 
after  operation  and  "found  the  clearest  possible  evidence  of  the  true 
fungus  structure  of  the  black  (melanoid)  particles  now  well  enough 
known."  This  observation  was  afterwards  invariably  confirmed  by  him- 
self and,  according  to  his  own  statement,  aiso  by  Bristowe.^^  This  dis- 
cussion concerns  the  black  variety  of  the  infection. 

'Arch.  f.  path.  Anat.,  Berl.  (Virchow's  Arch.)  (1863),  27,  98,  and  Handb.  der 
historisch-geographischen  Path.    (1886). 

•Trans.  Path.  8oc.  Lond.   (1870). 

'Trans.  Path.  Soc.  Lond.  (1871|    (Vincent  gives  it  1881). 

•Eulenbur^'s  Real-Euey.  d.  ges.  Heilk.   (3d  ed.)   14,  303. 

'Arch.  d.  Med.  Hiav.    (!876|,  25. 

'Jferf.  Times  and  Oan.  (1871),  July  23,  93,  and  Trans.  Path.  Soc.  Lond. 
(1S73),  18,  294. 

'Med.  Press  and  Cir.   (187S),  485. 

'Trans.  Path.  Soc.  Lond.  (1870),  21,  411,  and  (1871),  22,  330;  Lancet 
(1878),   IBO. 

"11th  An.  Rep.   San,   Com.   Govt.   India,   Calcutta    (1875-88). 

"On  Mycetoma  or  the  Fungus  Disease  of  India,  Lonii.    (1874|. 

"Trans.  Path.  Soc.  Lond.    (I87I),  22. 
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In  November,  1859,  Carter  examined  a  foot  before  and  after  amputa- 
tion, and  found  in  it  and  in  the  discharges  from  the  openings  on  the 
surface  "numerous  minute,  paie  particles,  winch  also  presented  a  decided 
fungus  structure."  The  fungus-liiie  appearance  of  these  bodies  was 
subsequently  confirmed,  Carter  says,  by  the  members  of  the  Medical  and 
Physical  Society  to  whom  he  showed  his  specimens  at  one  of  their 
meetings.  Therefore,  Carter  concluded  that  although  there  were  ap- 
parent differences  between  the  fungi  of  the  pale  and  black  types,  and  that 
these  of  the  former  were  very  peculiar  structures,  ChionypJie  could  be  seen 
to  spring  from  the  particles  (selerotia)  obtained  from  them  as  well  as 
from  those  of  the  hlail  taruty  and  it  was  he*  opinion  that  the  two  forms 
are  but  varieties  or  different  stage  of  the  same  disease 

After  further  discu«eion  Carter  conLludes  a«  folkws 

"The  foot  disease  f  India  i'  not  a  carioUB  strumoua  or  nueloid  or  any 
like  affection  but  a  veritable  parasitic  disease  due  to  the  growth  and  extension 
within  the  tis^ue^  of  the  human  f<)ot    o1  an  indigenoua  mould  or  fungus  of  true 

It  is  apparent  fiom  a  re^itw  ^^  of  his  monograph^'  that  Dr  Carter 
was  a  pioneer  m  his  obaenations  m  the  estahli'*hment  of  the  cause  of 
the  disease,  aul  m  maintaining  the  ldentlt^  of  th(  two  varieties  How 
ever,  the  reviewers  of  hi^  monograph  Lrititized  Carter's  conclusions  and 
pointed  to  the  lack  ot  e\idenLe  "submitted  b^  him  m  support  of  the 
parasitic  nature  of  the  so-called  fungus 

Corre  (1883)  in  repirtinK  the  note"  of  Dr  Collaa  states  that  the  lattei 
observer  considered  Lpulw  gravts  the  pseudocaneer  of  the  inferior  maxilla  found 
in  Pondicherry  to  be  identical  with  mvcetenia  Vincent,  Rou\  iHSS)  and  Brun 
(1893)  deBcrihe  the  early  symptoms  of  the  di^ea^e  Lebrou-t  (Bordeaux  1887) 
in  a  thesis  (n<t  amiable  to  us)  diseuised  the  whole  subject  of  mycetoma  and 
Baasini  (i888|  reported  a  caoe  (the  hiat  in  Europe)  of  melanoid  mvcetoma  which 
occurred  in  Italv  He  recognized  the  funjfus  nature  of  the  granules  the  radiat 
ing  type  of  the  fllamenta  and  the  irregular  swellings  in  segments  He  considered 
them  to  be  somenhat  tf  the  nature  of  the  Aapetgilh  or  Uucynn*  Bassini  n 
patient  pricked  his  foot  in  an  o\  stall  the  wound  healed  but  a  tumor  developed 
and  by  the  seventh  or  eighth  month  the  patient  could  not  walk  The  fungus  was 
found  in  the  tvpical  tumor  removed  at  operation  but  attempts  at  cultivation 
mere  not  successful 

The  decade  from  IK90  to  IMO  furnished  a  number  of  interesting  contributions 
to  the  subject 

Hewlett  (IS92  and  1893)  in  his  hTst  article  described  findinffs  obtained  from 
the  study  of  a  preseried  specimen  sent  from  India  and  concluded  that  mycetoma 
is  identical  with  a.  tinomycosis  In  his  second  paper  he  reports  two  cases  of  the 
ochroid  variety  and  reiterates  his  belief  that  the  process  js  the  same  as  actino 
mycosis. 

Kanthack  ( 1892  and  1893)  studied  sections  from  the  prepared  material  obtained 
fi'om  thr^  cases  of  the  black  variety;  he  noted  the  fungoid  elements  and  although 

"Loncel  (1874),  59i. 

""On  Mycetoma  or  the  Fungus  Disease  of  India,  Lond."   (1874),  113. 
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he  founi  it  difficult  to  cuii\iiice  hirafielf  of  their  legetablt;  nature  ie  though! 
tha.t  the}  might  be  degenerating  t\p(s  f  an  organism  similar  to  icltnomi/te-! 
Kanthack  alio  examined  leetions  from  preserved  material  taken  from  tneUP 
eases  of  the  ochroid  i^netj  and  states  that  the  parasite  of  the  oehroid  variety 
agrees  morpl  ologn.all>  and  struUuralh  witl  the  ivpical  and  perfect  rm  fungus 
and  there  can  be  no  reasonable  doubt  that  both  belong  to  the  hame  botanical 
group  Kanthack  coneludea  that  (1)  the  fish  roe  maines  are  iind  ubtedJi  n 
form  of  aohnomyces  (2)  the  black  massen  in  their  most  perfect  shape  are  also 
of  this  nature  but  in  a  state  of  degeneration  (1)  a  degenerated  form  f  the 
vellow  ^arietj  is  OLcasionally  found  m  appearance  not  ^hjllv  unlike  these  blaek 
masses   so  that  the  relation  between  all  these  forms  seems  to  he  fully  established 

Boyce  and  burvejor  (1893  an  1  18941  in  addition  to  a  thorough  discussion 
if  the  etiology  <f  the  disease  Hith  special  reference  ti  the  difference  between  the 
two  varieties  have  giien  one  of  the  most  succinct  and  comprehensive  general 
descriptions  of  mvcetoma  which  i  e  ha\e  aeen  Their  destription  la  so  lucid  and 
brief  thit  He  miote  frjm  it  as  follows 

The  Mad  ira  foot  of  India  is  a  lerr  chronic  affection  lasting  in  some  cases 
twenty  file  vears  It  la  purely  a  local  disease  of  the  extremities  chiefly  the 
foot  and  generalization  Iihs  not  been  obaened  It  uauall>  occurs  in  { eople 
who  go  laref  ot  and  aie  working  iii  fields  In  most  cases  it  has  been  traced 
to  gome  injury  The  big  toe  is  often  affected  ^t  first  The  diseise  stfps  at 
the  ankle  for  a  shoit  time  then  it  apicads  up  to  tie  ki  ee  dud  eieituilh  ma> 
even  reach  the  thigh  One  of  ua  1  aa  had  the  opportunity  )f  seeing  a  recurrence 
in  the  scar  after  amputation  this  however  must  be  ver\  rare  and  amputation 
affjrds  complete  lelief  »  •  •  and  is  indeed  fne  of  the  most  successful 
operations  in  India  The  foot  *  •  '  is  greatly  altered  it  s  enlarged 
often  many  t  mea  the  natural  aize  the  o\ergro«th  of  the  fo  t  i  irregular 
the  toea  may  become  buned  •  •  »  and  the  surface  becomes  studded  over 
with  manimillated  or  even  \illous  projections  A  laige  numter  of  the  mam 
millited  projections  mark  the  presence  of  sinuses  which  pass  deeply  into  the 
f  ot  and  on  aection  these  ma*  be  seen  to  honeycomb  it  From  the  opening  of 
the  amuses  a  purulent  or  sanguinous  discharge  can  be  pressed  out  and  m  this 
are  found  m  one  series  cf  cases  small  p^rtIcles  of  a  light  yellow  ctlor  whicl 
have  been  compared  to  fish  roe  while  in  the  remaining  cises  leep  hrown  or 
Hack  particles  resembling  grama  of  gunpowdei  may  be  seen  The  disorganiza 
tion  of  the  interior  of  the  foot  becomes  very  complete  in  time  the  bonea 
unlergo  a  rirefacti\e  ostitis  and  aie  ultimately  ibsorbed  granulati  n  tissu 
also  invades  the  muscles  and  fat  and  lends  to  tl  eir  lisappearance  \saociated 
with  the  hypertrophy  of  tie  granulatitn  tissue  there  may  be  considerable  hyper 
plasia  of  the  epithelium  of  the  skin  This  overgrowth  givea  rise  to  the  mam 
millated  anu  papillomatous  projections  preiiouslj   referred  to 

The  only  difference  which  one  at  present  finds  clinically  and  microscopically 
in  the  numero  is  cases  of  Madura  foot  is  tl  e  difference  in  the  size  and  color  of 
the  particles  Carter  termed  that  form  of  the  disease  in  which  the  black  particles 
were  present  the  melanoid  yaiiety  while  under  the  white  oi  ochroid  were 
grouped  those  oases  in  which  the  fish  roe  tike  bodies  were  found  It  will  be 
understood  that  only  those  cases  of  Madura  disease  in  which  the  particles  can  be 
demonstrated  macroacopicalh  or  microsw pically  will  be  admitted  aa  genuine 
The  disease  appears  to  be  confounded  with  scrofula  and  variius  foims  of  elephan 
tiasis  m  the  production  of  which  probably  other  parasites  play  an  important  part 

Boyce  and  Surveyor  examined,  in  a  most  careful  manner,  tissues' from  six 
cases  of  the  melanoid  and  from  fifteen  al  the  ochroid  variety  of  the  infection. 
In  an  addendum  to  their  article,  they  mention  having  studied  "a  large  number 
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of  tases  of  the  di^ieaw  miluding  lifteen  more  of  the  meianoid  type  The  authors 
bring  for«ard  reasons  for  beheving  that  theie  are  at  least  two  distintt  fungi — 
one  a  lury  highly  organized  species  the  ithei  a  \erv  delicat«  and  lowh  or4,anized 
type  presenting  very  mam  of  the  chftraoters  of  Acltnomycs 

By  the  use  of  sodium  hypochlorite  a*"  a  clearing  agent  in  the  case  of  tie 
black  gcanulen  and  logwood  as  a  stain  they  lery  learlv  shoned  the  fungus 
nature  of  the  granules  and  their  illustrations  are  \ery  dear  The>  write  while 
d  acussing  the  granules  f  tl  e  ochroid  variety  that  whereas  in  some  respects 
thene  granules  resemble  those  of  actinomj'cosis  it  iiould  be  rash  to  slate  that 
the  white  particles  are  always  attmomveotic  Boyce  and  Surveyor  failed  to 
grow  the  parasite  upon  artificial  media  Their  article  is  interesting  and  valuable 
and  may  be  lommended  to  anyone  who  wishes  to  review  the  subject 

In  lb''i  Bo\ce  states  that  the  organiem  of  the  black  vanety  le  a 
iuhl^  growin^  fungus  A(hich  i'-  rendered  more  visible  by  solutions  of 
bodium  hypocblorite  that  of  the  white  one  ir  a  more  delitate  organism 
tlospty  resembling  that  of  aetmonn eosi's  This  author  had  secured  ad 
tiitional  data  b(  means  of  cultures  of  the  parasite  4gar  tubes  m 
oculated  by  fnends  in  India  and  forwarded  to  him  were  usualh  con 
taminated  by  other  organisms  but  one  tube  which  contamid  the  Tihife 
vanety  was   upon  its  receipt  h\  the  author   free  from  them 

Microscopic  etamination  of  this  culture  shoned  colonies  of  a  thitk  nycelium 
firm  and  diMcult  to  tear  apart  the  mycelium  contained  vacuoles  and  its 
membrane  was  \er\  thin  (  lub  shaped  forms  were  not__found  and  dithotomous 
branching  was  present  "Subcultures  ^  ere  secured  on  giape  sugar  agar  and 
glycerin  agar  at  35°  to  37°  Grontb  was  very  alow  much  more  so  than  in  the 
case  of  AoHnomi/ce'i  Colot  les  having  a  peculiar  appearance  slowly  developed 
These  colonies  had  odd  markings  \t  first  quadrates  appeared  follouing  them 
there  were  more  diiisions  until  finalh  they  were  separated  into  man>  segmLnta 
no  fusion  of  the  colonies  being  apparent  (  r  \vth  is  almost  entiieH  inhibited  n 
potato  01  on  acid  or  alkaline  bouillon  There  was  ni.  formation  of  pigment  on 
potato  or  agar  the  growtl  therefore  differed  fr  m  icttnomj/ces  A  omparisoi 
between  the  tultires  anl  partules  taken   diretth    from   the  foot   sho  led  great 

The  author  conducted  a  nnmber  of  experiments  with  animals  and 
demonstrated  that  subcutaneous  inoculations  of  rabbits  guinea  pigs 
monkeys  and  rats  alwavs  gave  a  local  reaction  which  took  the  form  of 
a  tumoi  met  easing  m  size  during  two  or  three  weeks  after  which  time 
it  became  smallei  and  harder  Bo\ce  cmcluded  that  the  fungus  which 
he  described  was  a  new  \anetv  causing  the  white  f^pe  of  Madura  foot 
Bo^ce  and  Sur\e\OT  (ISI-ll  m  a  third  aiticle  continue  their  discussion 
of  the  cultivation  of  the  parasite  "t  Madura  foot  Their  material  was 
inoculated  into  culture  media  in  India  and  forwarded  to  them  jn 
England  The  following  quotation  from  their  later  work  haa  an  im 
portant  bearing  on  the  histon  of  the  subject 

This  organism  grows  slowly  on  most  of  the  nutrient  media  we  have  tried 
In  gelatin  and  broth  it  does  not  seem  to  grow  at  all  but  cultures  taken  from 
these  melia  begin  to  griw  when  transferred  to  potato  or  glycerin  sugar  igar 
On  these  media  the  growtb  does  not  appear  to  make  an>   progress  for  about  a 
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week  but  after  that  the  mai{,in  around  the  motiilated  irea  shoMo  slight  pri 
jpctions  which  thicken  gradually  and  gi\e  the  growth  a  radiate  appearance 
Mmute  colonies  are  found  around  the  central  growth  and  these  show  a  cross 
like  depression  wlueh  becomes  more  marked  aa  the\  increase  in  size  The  growth 
IS  firmly  adherent  to  the  nutrient  medium  at  the  margins  while  the  central 
part  IS  loosel>  attached      The  tolor  is  dull  white  or  alightly  pinkish 

The  culture  la  brittle  and  crumblea  easily  Tt  grows  best  at  39°  It  i« 
aerobic  In  an  atmosphere  f  l^drogen  the  grjwth  in  p«pssi>ely  slow  In  thia 
respei-t  it  differs  from  actinomyces  which  grows  easil>  in  an  atmosphere  of 
hydrogen 

The  Hganism  wa*;  readily  stained  hi  aniline  dies  md  h^  Grams 
method  The  filaments  were  long  and  slender  no  septa  could  be  dis- 
tinguiuhed  and  dichotamoua  di\i&ion  was  not  obsened  Inoculation 
experiments  «ith  the  eultnies  were  not  made 

Le  Dantoc  (1894)  reported  cases  from  Africa  Ac  oiding  to  Schcube  Le 
Dantflc  cultuated  Staphylococci  Strcptococc\  and  short  bacilli  from  the  truffle 
shaped  bxlies  In  bouillon  the  bacilli  grew  into  lon^,  filamenti  without  ramifiLa 
tion.  Cultures  on  solid  media  were  only  obtained  by  transplants  from  bouillon 
and  not  directly  from  the  material.  All  cultures  gradually  assumed  a  reddiah-nist 
color  and  rabbits  and  guinea  piga  were  not  susceptible  to  infection  by  them. 

Hatch  and  Childe  (1894)  report  a  case  of  the  black,  or  a  combined  black  and 
ochroid  variety,  in  an  African  negro.  The  disease  primarily  involved  the  knee, 
and  subsequently  extended  to  the  abdominal  wall  and  internal  abdominal  struc- 
tures, particularly  the, lymphatics.  The  fungus  failed  to  grow  on  bouillon  or 
glycerin  agar.  The  descriptions  and  illustrations  of  this  ease  show  characteriatics 
making  it  probable  that  the  disease  was  actinorayeosis  rather  than  mycetoma. 

Vincent  (1894)  reported  a  case  of  ochroid  variety  and  cultivated  a  Sireptothrix 
from  the  lesions.  The  granules  resembled  Actinomyces,  being  yellowish -white  in 
color  and  insoluble  in  potasl  and  m  acetic  acid  »1  en  stained  b\  LoefRei  s  method 
or  by  fuchsm  and  enlarged  400  to  600  times  the^  were  se*n  to  be  made  up  of 
filaments  and  mycelial  dfbris  The  penpheries  of  the  granules  showed  filaments 
of  radiating  types  \  incent  considered  the  parasite  to  be  a  Streptothnx  and 
named  it  8  madurie  The  filaments  when  examined  under  the  high  powers  of 
the  microscope  were  shown  to  contain  elements  of  vaiying  size  some  being  so 
small  as  to  resemble  micrococci  Sob  cube  s  abstinct  is  ao  sati^ta(t<r\  that  we 
ha\e  quoted  it   after  tomparing  the  original 

The  material  used  by  \  incent  for  the  preparation  of  cultures  was  taken  by  him 
direct  from  the  diseased  tissue  It  exhibited  but  little  growth  in  bouillon  but 
infusions  of  hay  and  straw  (15  grams  to  1  liter)  not  neutralized  and  therefore 
with  an  acid  reaction  were  found  to  be  suitable  nutritue  media  The  same  holds 
good  for  meat  soups  to  which  yellow  turnips  carrots  and  more  eapecially  potatoes 
(20  grams  to  1  liter)  haie  been  added  after  previous  filtration  and  sterilization 
lie  temperature  si ould  be  alx  t  3  C  f  it  s  o  er  40  gro vth  stops  The 
e  It  res    wh  ch  are  placed  de  t  hes  or  Ehrlemie\ers  flafks    to      h  cl    air 

s  access  ble  exhib  t  small  gray  flakes  round  o  fl  t  o  i  the  f  urth  r  fifth 
day  tlese  cl  ng  to  the  vail  and  botton  of  the  tube  and  after  fron  t  entj  to 
thirty  days  attain  the  dm  ens  ons  of  a  small  pea  Some  of  the  flakes  est  b  t 
a  br  wn  tinge  n  tl  e  center  while  others  that  I  e  near  the  surface  of  the  1  q  d 
become  pink  or  red  after  a  month  or  two  The  nutr  t  ve  flu  d  never  becomes 
do  dy  for  most  of  the  flakes  1  e  at  the  bottom  vlere  they  form  a  covering 
whicl  exceeds  Oo  to  I  cent  neter  n  th  ckness  The  utr  t  ve  fin  d  previously 
ac  d     n  t  me  assumes  an  alkal  ne  reaction    and  becomes  pale  bl   e 
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'Tn  ordinary  gelatin  the  Streplothria  madnrw  only  exhibits  a  weak  growth 
of  white  colonies  along  the  inoculative  puncture  on  the  surface.  Vincent  considers 
that  the  beat  solid  nutritive  soil  is  100  cubic  centimeters  of  an  infusion  of 
hay  or  potatoes,  with  the  addition  of  9  grams  of  gelatin,  4  grams  of  glycerin, 
and  4  grams  of  glucose,  neutralized  and  sterilized  in  the  usual  manner.  The 
Streplotkriie  does  not  liquefy  the  gelatin.  On  this  soil  fine,  luxuriant,  round, 
glazed  colonies  of  a  white  or  pale  yellow  color  are  obtained,  which  later  on 
often  assume  a  pink  or  even  red  color.  If  very  many  colonies  form  on  the  gelatin 
they  remain  small,  but  if  fewer  are  present  they  attain  almost  the  size  of  a  pea. 
They  then  resemble  an  inoculation  pustule  sunk  in  the  middle,  and  are  of  a 
white  color,  the  margins  assuming  a  red  tint.  Old  cultures  fade  and  become  dull 
white.  The  colonies  are  of  a  horny  consistency,  and  cling  very  firmly  to  the 
nutritive  media. 

"The  parasite  grows  fairly  well  on  milk  without  coagulating  it,  thau(;h  it 
becomes  slowly  peptonized.  On  eggs  and  serum,  however,  it  does  not  Sourish 
at  all. 

"On  potatoes,  from  the  fifth  day,  and  at  37°,  small,  uncolored.  or  whitish 
prominences  are  seen,  which  assume  a  pale,  reddish  color  after  a  month.  This 
gradually  deepens  and  becomes  sometimes  »  bright  pink,  sometimes  orange-color 
or  red.  sometimes  a  fine,  dark  red.  This  occurs  particularly  when  the  potatoes 
have  a  strcmg  acid  reaction,  whereas  on  some  potatoes  there  is  no  coloring  at  all. 
On  carrot  media  the  red  coloring  is  more  pronounced  than  on  potato. 

"Rome  colonies  arc  covered  by  a  fine,  white  dust  which  consists  ot  spores. 

"The  parasite  is  agruhic.  The  parasite  stains  well  with  basic  aniline  stains, 
more  faintly  with  safranin  and  eosin.  It  can  also  be  stained  according  to  the 
methoils  of  Gram  and  Weigert.  A  solution  of  iodine  stains  it  yellowish -brown, 
while  hiematoxylin  causes   it   to  assume  a  violet   color. 

"The  fungoid  filaments  are  finer  in  the  cultures  than  in  the  little  bodies  de- 
scribed above;  their  breadth  does  not  exceed  1  ji.  The  irregular  swellings  and 
contractions  observed  in  the  little  bodies  are  not  obserted  in  the  cultures,  which, 
however,  when  two  weeks  old  often  exhibit  a  series  of  spores  at  the  end  of  the 
filaments.  They  are  ovoid,  light  refracting  and  about  1,5  ^  in  breadth  and  2 
H  in  length.  They  stain  well  with  aniline  dyes  and  according  to  Gram's  method. 
They  exhibit  very  little  resistence  to  heat ;  thuy  are  killed  in  three  minutes  at  85°. 
and  in  five  minutes  at  75°.     The  cultures  that  do  not  carry  spores  die  in  three 

"The  formatiiin  of  spores  takes  place  best  where  the  mycelium  comes  into 
contact  with  the  air.  and  this  is  the  case  in  fluid  mutritive  media  as  well  as  on 
potato.     Cultures  with  hay  broth  are  the  most  suitable  for  this  purpose, 

''One  may  actually  see  the  spores  develop  in  fresh  broth  and  in  suspended  drops. 

"The  cultures  are  very  resistant  to  desiccation ;  even  after  a  period  of  twenty- 
one  months  they  exhibited  a  capacity  for  development. 

"The  Strepiothrix  madvrm  does  not  prove  pathogenic  to  animals  (rabbits, 
guinea  pigs,  mice,  cats).  Bocarro's  experimental  transmissions  with  fresh 
material  of  both  varieties  were  negative  in  rabbits  as  well  as  in  dogs.  Nocard 
also  inoculated  with  cultures  guinea  pigs,  rabbits,  pigeons,  hens,  dogs  and  sheep, 
by  intravenous,  subcutaneous  and  intraperitoneal  inoculations,  with  negative 
results  in  every  case. 

"By  means  of  parallel  cultures  arranged  and  kept  under  exactly  the  same 
conditions,  Vincent  confirmed  the  difference  between  the  Btrepiothric  madurie 
and  the  actinomyces,  as  shown  on  the  table, 

"Boyce  and  Surveyor  likewise  sui'ceeded  in  cultivating  a  streptothrix  in  a  case 
62668 2 
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of  the  white  variety ;  it  exhibited  a  condition  similar  to  that  cultivated  by  Vincent, 
but  no  ram  if]  cations  and  spores  could  be  discovered. 

"Ijegrain  could  not  cultivate  colonies  in  infusions  of  hay,  but  succeeded  in 
doing  so  on  gelatin  with  malt  and  peptone.  The  colonies  were  round,  prominent, 
glazed,  very  adherent  to  the  lower  surface,  at  first  pale,  then  golden -yellow,  and 
soon  after  became  of  a  vivid  red  color  and  finally  became  decolorized. 

"In  the  uodulea  which  exhibited  suppurative  degeneration,  Vincent  found 
Staphi/lococcus  pyogenes  albua  and  aureus  in  addition  to  the  parasites  described." 

Vincent  gives  the  following  comparative  table  of  the  eiiltural  char- 
acteristics of  S.  madurat  and  Actinomyces: 

Taslr  No.  I. — Vompttfison  lieiiwii  S.  iimilunv.  wid  Actiiionu/ffs. 


&  inludon  oi  liay 


Streptothrii  inadurte. 


Moderate  growth 

Principal  nutritive  soil;  growth 
rnpid  (4  days)  and  luxnrianl. 


becones  pi 


Close,  witre-l  Ike  yellow  and 
white,  blacb-edged  col- 
onics:   potato   became^ 


8.  madurw  according  to  Vincent  differs  culturally  from  the  fungi 
isolated  by  Noeard,"  Almquist/*  and  Eppinger."  The  Noeard  orgauiara 
develops  rapidly  in  peptone-bouillon  and  it  does  not  grow  in  hay  infusion. 
The  cultural  characteristics  upon  agar  and  potato  present  no  analogy. 
Nocard's  organism  is  inociilable  in  guinea  pigs. 

Vincent  also  discusses  the  question  of  the  identity  of  actinomycosis 
and  mycetoma  and  notes  the  following  differences:  Potassium  iodide 
does  not  give  the  same  positive  results  with  Madura  foot  as  it  does  with 
actinomycosis.  Different  results  arc  obtained  with  the  two  parasites, 
not  only  morphologically  but  also  in  cultures  in  various  media  and  in 
inoculation  experiments. 

"An».  d.  I'  insi.  Pasteur  (1888),  2,  293. 

"Ziechr.  f.  Syg.  u.  InfecHonekranlck.,  Leipz.    (1890),   7,   189. 

"Wien.  KKn.  Wchnseh,    (1890). 
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Vincent  and  Geiny  (189(i)  mention  a  second  case  of  ochroid  variety 
and  the  cultivation  of  the  same  Streptolhrix  already  reported  by  Vincent. 
Preliminary  mention  was  also  made  by  these  authors  at  the  Congr^s  de 
Dermatologie  et  de  Syphilis  in  Paris  on  April  35,  1892.^* 

Shattuck  (1898)  reported  to  the  Pathological  Society  of  London  a 
case  which  he  designated  as  Mycetoma  papillomatosum.  The  skin  ex- 
hihited  a  pronounced  papillomatous  condition,  and  secondary  papillie 
with  sinuses  and  fungi  were  found  within  the  larger  growths.  Mait- 
land  (1898)  reported  a  case  involving  the  thigh  and  abdominal  wall  of 
a  man,  and  Smyth   (1898)    published  one  involving  the  tissues  of  the 

Plehii,  according  to  Scheube,  observed  three  eases  in  Suahelinese  on  the 
Tonga  coast;  however,  probablj  these  had  been  carried  to  that  point  from 
India.  Vincent  mentions  the  fact  that  Layet  encountered  the  disease  in 
Chile  and  Crookabanlt  (1897)  discussed  the  infection  after  collecting  data  ob- 
tained by  the  examination  of  a  specimen  sent  from  India.  Boccaro  (1893) 
analyzed  one  hundred  cases,  and  m  =eventeen  instances  he  saw  evidence  of  a 
prick  by  an  acacia  thorn.  In  many  of  these  ca>"es  the  thorn  itself  was  found. 
The  same  author  also  leports  a  case  of  mycetoma  involving  the  tissues  between 
the  vertebral  column  and  the  acapnia.  Descriptions  of  the  infection  are  also 
given  by  Delbanco  ( 1S97  and  lH9fi)  ;  by  Huntly  11890  and  1899).  Kobner 
{1891],  Paltauf  (1894),  Ruelle  (1893),  Shah  I1R03)  and  the  pathology  is 
fully  outlined  by  Unna  (1B97). 

The  first  case  in  \merica  was  reported  b\  Kemper  and  Jameiton,"  but  the 
article  is  not  available  to  us 

Adimi  and  Kirkpatrick  "  studied  a  ca«p  of  the  ochroid  lariety  in  Canada  and 
considered  the  granules  to  be  identical  m  appearance  with  tho^  from  actino 
mjcosis  and  Hvde  Senn  and  Bishop  (1806)  reported  one  from  Chicago  In  the 
latter  instance  the  fungus  suggested  Actmomvee%  No  club  shaped  forma  were 
seen  and  in  scLtions  the  central  portion  of  the  granules  stained  faintly  with 
lisematoxi  iin  Under  high  power  delicate,  radiating  filamentary  threads  were 
observed  in  the  masses  Delbane*  (1897)  (aci-ording  to  Scheube)  nho  Htudied 
materials  sent  him  bj  tl  o  authors  reporting  thin  case,  concluded  that  it  was  acti 
nomvcosis  and  not  Madura  foot  The  record  of  Pope  and  Lamb's  case  (1896)  la 
not  available  to  us  Arwme  and  X-amb"  (1899)  mention  another  case  in  a  native 
f  Te\i  Dr  Carroll  wl  o  eyanuned  sections  from  tie  ipecimen  considered  the 
disease  to  be  actm  my  osis 

J  H  Wright*'  I1R98]  re  lewel  some  of  the  literature  of  the  subject  and 
reported  one  case  if  the  roelantid  \arietv  from  the  service  f  Dr  Beach  n 
the  Massachusetts  General  Hospital  m  Boston  Wrights  patent  nas  an 
Italian  woman  who  had  resided  m  the  United  States  for  seieial  ^ears  but  the 
disease  had  been  notued  less  than  a  yeir  before  she  came  under  his  care  The 
Imical  manifestations  of  the  ii  fection  and  the  pathological  alterations  in  the 
specmen  taken  from  this  patient    bi   thev  are   deaerihel   by  Wright    are  very 

'Ann    de  detmat     (1892)    Mav 

■Am    P>ao(t(ioner   (1876)    577 

»Tran«,  Ass.  Am.  Physimam  (1895),  10,  92,  and  Montreal  Med.  Jo«™. 
(1906-6),  24,  485. 

«lm,  J.  Med.  8c.  (1899),  N.  S,  188,  393, 
"J.  Exp.  Med.  (1898),  3,  421, 
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airailar  to  those  whioh  haie  been  gnen  by  other  author"  The  deBcrititmn  of 
the  granule''  is  verj  dear  and  Mright  states  that  nhea  bleathed  and  softened  b> 
solutions  of  aodiura  hvpochl  rite  or  of  potasaium  hvdroiiide  they  are  found  ti 
eonsiBt  of  a  maas  of  fungut  strueturei  together  with  more  or  less  brown  pig 
mented  imbedding  or  investing  material  as  described  and  figured  bi  Boyce  and 
Surveyor  No  spores  were  obsened  and  the  teat  for  hsemm  in  tht  granules  was 
negative  The  latter  were  deeplj  stained  by  the  basit  aniline  dves  but  not  by 
htematoxylin  The  Gram  stain  and  the  AVtigert  fibrin  stain  ui  modificationn 
of  theni  stain  the  substance  of  the  granules  to  a  variable  extent  depending  or 
the  amount  of  the  deoolorii'ing  a^-ents  applied  ^Vright  cultivated  a  Hypko 
mycete'  fnm  apprLXimately  t went}  five  of  sixty  fiie  of  the  black  granules 
blapytococcUB  atbua  also  grevi  in  most  of  his  cultures  The  growth  developed  frcni 
the  granule  used  in  inoculation  and  appeared  after  an  intenal  of  foui  or  fl\c 
dais  or  eien  lat«r      Growth  occurred  as  follows  in  most  of  the  media  used 

Potato  — A  dense  widely  spreading  coherent  layer  of  veheti  surface  pale 
brown  in  the  <entrai  portion  and  white  at  the  edge-i  Small  droplets  of  dark 
coffee  colored  fluid  develop  on  the  surface  of  the  luHuro  Tlie  medium  beeomis 
dark  brown  and  very  moist 

Bouvilon —Growth  proceeds  from  the  inoculated  material  m  fine  ladiating 
filaments  and  produces  a  puffball  like  appearanie  and  eventually  the  whole  fluid 
IS  filled  up  with  radiating  m>celia  the  fluid  becomes  a  deep  coffee  brown  color 
and  a  mycelium  layer  develops  on  the  surface 

Potato  infusion  (20  graaig  boiled  m  water  lotth  a  fimahed  ftltered  pioduct  of 
J  000  ciibtc  oentmieteia  and  not  neuHalwted)  —Growth  is  much  the  same  as  m 
bouillon  but  no  surface  lajer  appears  and  in  old  cultures  there  are  found 
numerous  blaik  giannles  about  1  millimeter  or  les"  in  diameter  in  the  midst  of 
the  mycelium 

These  granules  consist  of  eloseU  packed  aphencai  or  polvhedral  cells  togethtr 
with  some  short  thick  segmented  liypha.  The  walls  of  these  cells  liaie  a  bluLk 
appearance  and  masses  of  them  aie  blaik  and  opaque  under  the  micioscope 
Wright  considered  these  granules  to  be  masses  of  interlacing  hyphai  wiiose 
segments  have  been  much  shortened  and  widened  and  otheiwise  changed  '  Thei 
were  examined  by  W  G   Farlow  and  pronounced  to  be   Sclerotia' 

Agar  (plain  and  qlucoie)  Growth  appears  aa  a  me^h  work  ff  wileh 
spreading  filaments  of  grajish  color   on  the  surface  of  the  medium  Scleiotia 

develop  in  old  cultures    and  in  slant  tultons  growth   only  takes  place  on  the 

Morphologically  the  Hvphomycele  consists  of  long  branching  byphee  from  3  to 
S  ;i  m  diameter  Young  forms  show  delicate  transverse  septa  and  older  ones 
swellings  at  the  points  if  branching  and  the  hvphv  may  appear  as  a  string  of 
oval  ended  plump  segments  The  filaments  have  n  definite  wall  and  branching 
occurs  b>  lateral  budding     No  spore  bearing  organs  weie  observed 

Animoi  inorulations  No  results  were  obtained  from  the  inotulation  of 
animals   with   the   original   granules  or   with   tultures 

Histology —  The  tissues  composine  the  nodules  consist  easentialh  of  a  forma 
tion  of  more  or  less  atvpical  conneciiye  tissue  in  various  stages  ot  development 
in  which  foci  of  snppuratioij  are  present  in  association  with  granules 

'  Some  of  the  granules  lie  in  small  cavities  containing  polynuclear  Teiitocytes 
loose  epithelial  cells  and  cellular  detritus  These  cavities  ma>  he  lined  either  bv 
a  wall  of  vascular  granulation  tissue  or  bv  massess  of  epithelioid  cells  together 
with  multinucleated  giant  cells  Other  granules  are  closely  invested  bv  a  zone  of 
epithelioid  and  giant  cello  and  rutsiie  of  this  there  mav  be  an  jnfiltraticn  with 
lymphoid  and  plasma  cells      fhe  nodule  thus  formed  about  the  granule  resembles 
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very  closely  a  tubeixle  in  structure  The  giant  cells  ore  often  of  large  size  and 
mav  have  a  peripheral  arrangement  of  their  nuclei  They  are  a  very  prominent 
element  in  the  lesions 

The  primary  efleot  produced  bj  the  [.araaites  upon  the  tissues  seems  to  be  the 
development  of  nodules  of  epithelioid  cells  and  of  giant  cells  from  the  tissues  im 
mediatelv  ibout  them  Later  suppurative  processes  occur  in  the  nodules  and 
ahscei^es  are  formed  Hhicl  in  the  tissue  give  nae  to  the  ieielopment  of  granu 
lation  and  connective  tissue  m  large  amount 

L  nna  and  Delbanci.  s  1 1900)  discussion  of  the  subject  is  mentioned  by  MacLeod 
liiumpt  (ISOl)  leported  a  case  of  the  black  \ariet}  of  mycetoma  from  Suakim 
S  idnn  He  gnes  the  usual  description  of  the  granules  The  grains  are  (omposed 
of  an  enveloping  membrane  made  up  of  mycelial  filaments  The  inner  portion  is 
\erj  friable  and  easih  crushed  Cultures  in  hay  infusion  and  bouillon  gaie  neg 
ati\e  results  Fourlerton  and  Jmei  (1902)  published  an  eshaustive  article 
dealing  with  the  pathogenesis  of  the  Streptothrtm  group  m  general  the  authors 
in  disiusaing  Mycetoma  consider  StreptothTvo  madvrw  \  incent  as  tl  e  cause  of  the 
ocliroid  variety   and  T   U   ^\ rights  Streptotkrue  as  that  of  the  black  type 

Laveran"  studied  an  anatomical  specimen  of  the  black  variety  sent  to  him  by 
BoufTard  He  founl  and  described  a  ^ireptothrtv  m  the  granules  and  named  this 
organ  '  r\ycetm  t  The  author  does  not  report  am  experiment*  in  the  culti 
tation  of  the  fungux 

Madden  "  published  two  cases  of  the  pink  variety  of  mycetoma  occurring  in  the 
Sudan  In  one  of  the  patients  the  primary  lesion  was  m  the  thigh  and  later 
the  disease  involved  the  abdominal  uall  Pinoj  succeeded  in  one  month  in  eulti 
*ating  a  Stteplothnie  in  anaSrobic  sweetened  bouillon  With  these  cultures  he 
V,  as  able  to  infect  a  pigeon  s  foot 

Scheube  11103)  dl^usic  the  questitn  of  the  identity  of  actinomycosis  and 
Madura  foot  as  S  llowa 

I  need  only  recall  the  different  size  and  coloring  of  the  fungoid  masses  in  the 
ttv  diseases  tleir  different  localization  and  the  difference  of  their  course  which 
n  Madura  foot  is  more  ben  gn  and  more  chr  nic  tl  an  in  actincmvcoflis  The 
pron  unced  tendency  also  for  actinomycosis  to  spread  to  other  near  or  distant 
parts  of  the  bodf  to  attack  the  internal  organs  and  the  transmissihility  of  acti 
nomviosis  to  healthy  persons  are  qualities  which  at  least  according  to  our  present 
knowledge  are  not  possessed  by  Madura  foot  Moreover  the  hyphomvoetoe  of 
Madura  foot  are  mere  delicate  and  stain  remarkable  well  «ith  hiemat«ixvlin 
showing  the  prisms  and  olumns  described  iboie  as  staining  with  dtfflcultj 
Actinomycosis  on  the  other  hand  is  net  atainable  with  htmatoxylin  and  develops 
clubs  and  knobs  which  are  difficult  to  stain 

Manson  (1906 1  in  discussing  &  madurm  Vincent  considers  that  though 
closely  allied  to  the  better  known  fungus  (Af(tnonyce«)  apparently  it  is  not 
ipecihcally  identical  with  it 

Nicolle  and  Brunamc  LeBihan  *  report  mjceioma  in  an  Arabian  woman  The 
original  lesion  was  produced  bv  a  barley  spore  introduced  one  -lear  before  the 
mveetoma  was  established  and  Nicolle  and  I  inoy  "  report  a  case  of  the  ochroid 
varietj  of  the  disease  in  an  \rab  They  described  and  cultivated  a  l^treplothrti: 
from  the  lesions  The  organism  was  grown  upon  sweetened  hay  infusion  and 
developed  on  the  surface  of  the  medium  as  a  light  gray  superstratum  upon  a 

"Bui.  Aead.  de  Med.  (1902),  (3),  47,  773. 
"J.  Trap.  Med.  (1902),  B,  243. 
"Bui.  Acad,  de  Med.   (1906),  (3),  55,  132. 
"Arch.  d.Parasit.  (1906),  10,  437. 
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brownish  red  membrane  The  authors  consider  carrots  to  be  the  bpst  medium  for 
rapid  development  of  the  organism  and  growth  occura  beat  at  37°  appearing  as 
a  wbite  scum  nhich  rapidl}  becomes  j'ellowi'ih  Small  apots  of  larioiis  eotors 
alio  deielop  aitording  to  the  acidity  of  the  media  the  colors  larjmg  from  grayish 
to  brjct  red  Roux  tubes  in  which  wtre  plieed  leeda  ind  water  sterilized  con 
stitiite  a  favorable  culture  melmm  In  less  than  forty  eight  hour^  a  glaucescent 
growth  i.o>er8  tbe  Burfatet  of  the  leeda 

Po(o(o — A  white  gro«th  develops  in  fciti  eight  hours  this  m  leases  up  to 
eight  dav"    becoming  brownnh      Tbe  medium  become''  dark 

Qeiattn — On   this   medium   the   growth    is   vltj    feeblL    and   ni    liqutfiction 

Agar  and  Sabourands  ijefose— The  growth  consists  of  *i  brownish  folded 
membrane  frosted  with  white    slowly  becomin„  yellow 

Animal  eicpertmenU — Subcutaneous  inoculation  of  monke>9  and  rabbits  gave 
ntgative  results  Subcutaneous  inoculation  in  the  foot  of  a  rat  produced  small 
granulations  whiih  contained  micelia!  filaments  these  granulations  were  grad 
ualh  reabsorbed  Intraienous  mocuiationa  in  rabbits  were  without  result  The 
author  dis  usses  the  question  of  the  etiology  of  the  disease  and  thu  identiheation 
of  the  fungi 

E  Brumpt  ^  has  written  a  critical  review  of  the  entire  subject  with  particular 
reference  tu  the  pirasites  He  divides  the  lungi  into  two  genera  and  several 
species  giies  the  generic  and  specific  iiagnosiR  of  each  anl  places  the  previously 
descrilei!  parasites  in  «hat  he  considers  their  proper  position  He  considers 
mycetoma  to  be  a  cluneal  tjpe  of  disease  which  may  be  caused  by  anj  one  of  the 
several  species  of  SIrepini/wir  nhich  hive  been  described  by  various  authors  The 
work  IS  verj  exhaustive  and  the  plates  are  excellent  but  ifter  cl^se  study  it 
seems  to  us  that  his  classification  has  been  made  upon  insufficient  d^ta 

Foulerton  (1907]  in  his  recent  and  complete  studi  ot  the  pathology  of 
Sireptothiix  infections  in  general  divides  the  &roup  into  aeveial  classes  according 
to  the  lesions  produced  the  cultural  cliaracteristics  inl  so  on  in  one  jf  these 
groups  he  includes  ?  morfurcE  ^  incent  and  the  other  allied  organisms  which 
from  tune  to  time  have  been  published  as  the  etiologic  agents  m  Madura  foot 
The  author  was  unable  to  demcmstrBt^  aci  1  fast  propeities  in  cultures  of 
ft  madnris  with  which  he  worked  In  considering  the  acid  fast  properties  c. 
'itreptoihriii  in  general,  the  author  states  that  the  number  of  these  organisms 
IS  stiU  too  small  to  justify  tullv  definite  conclusions  and  m  addition  to  B 
tubtrculoaiB  and  other  well  known  bacilli  uf  the  same  type  be  mentions  S  ep 
pingett  &  nocordii,  S  capii^  as  well  as  Sabrazis  and  Rivftres  organisms  as 
having  a  similar  acid  fast  character  4s  our  own  Slreptothnm  is  of  tbis  class 
if  acid  fast  organisms  a  comparative  stud^  of  the  group  is  interesting  and  will 
be  taken  up  more  in  detail  in  a  subsequent  paper 

Wright"  in  Osiers  Modern  Medicine  liscusses  the  nuestion  cf  the  existence 
of  two  larietiea  of  the  disease  This  author  states  thit  at  the  present  time 
the  ochroid  or  pale  form  of  mycetoma  must  be  regarded  as  aetinorayeoais  of  the 
part  However  in  the  melan  id  varietj  he  recognizes  the  specific  fungoid 
nature  of  the  affection  although  is  be  himself  states  the  etiology  of  the 
disease  remains  to  be  proied  bv  inimal  experimentation  Wright"  was  probablj 
the  first  one  to  cultivate  the  fundus  of  the  black  variety  Its  cultural  character 
latics  haie  been  giien  and  lie  ^h  «n  m  the  piraikl  col  imn  of  TtWc  II  fi  iii_ 
pige   >l>0 

"Arcft.  d.  parisit   (1006-),  10,  489. 
"Osier's  Modern  Medicine   (lfl07),  1,  344. 
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A  \ery  recent  article  bj  MacLeod"  discUBBes  tlie  etiology  of  the  disease  in 
the  following  manner  It  la  laused  by  the  presence  in  the  %kiii  and  underlying 
tiaaups  of  a  Irtreptothrun  eloselv  allied  to  but  differing  from  actinomycoaie 
The  name  ktreptofhtts:  madvra:  has  been  gi>en  it  bv  Vincent  This  fungua 
forms  the  fish  roB  like  granules  of  the  Hhlte  varietj,  which  is  the  common 
torm  of  the  disease  The  author  m  deatribing  the  nature  of  the  black  variety 
stslei  that  there  is  a  considerable  varianLe  of  opinion  but  he  loes  not  adhere 
t>  the  belief  that  its  fiingua  is  a  degenerative  condition  of  the  infection  produced 
by  the  white  tjpe  but  rather  that  it  is  a  diffeient  species  as  la  claimed  by 
several  writers  MacLeod  alao  recognized  a  red  variety  of  the  mycettiina  in 
addition  to  the  ochroid  and  metanoid  types  In  lonsKlenng  the  differential 
diagnosia  of  tde  disease  from  actinrmicosia  the  author  states  ^LtmtmvcoaiB 
13  a  disease  Hhiih  is  transmitted  trtun  animals  to  man  and  can  be  inoculated 
in  animals  it  occurs  in  temperate  latitudes  often  luua  a  lapid  course  affects 
internal  >r^ans  an  I  mucous  membrane*i  and  has  >ello«  granules  m  its  dis 
(har^'ea  Madura  foot  is  confined  to  man  has  not  been  successfully  inoculated 
m  lower  aninais  oceuis  in  the  tripics  runs  i  ntow  course  does  not  become 
generalized   and  presents  granules  of  various  colors 

Cammiti  "  |I9n7)  reports  a  new  StieplotAriic  and  dis  iissea  very  fully  the 
\lrlp  grtup     f  5(  eptoti   ix    howeier    but  little  attention  is  gnen  t    mycetoma 

DISCUSSIONS   AND   CONCLUSIONS.  * 

The  study  of  our  ease  of  Madura  foot,  a  report  of  which  is  given 
in  tlie  first  part  of  this  paper,  after  a  careful  review  of  tlie  literature, 
establishes  for  the  first  time  definitely  so  far  as  we  have  been  ahle 
to  determine,  the  etiology  of  mycetoma  according  to  the  usual  re- 
quirements of  investigators,  including  the  transmission  of  the  disease 
by  animal  experiment.  The  causative  organism  we  have  determined  to 
be  a  Streptothrix,  and  as  it  apparently  differs  from  previously  described 
fungi  of  the  same  genus  we  have  named  it  Streptothrix  freeri.  We 
believe  this  investigation  fully  establishes  the  etiologic  importance  of 
S.  freeri  in  one  ease  of  the  pale  or  ochroid  variety  of  Madura  foot,  but 
nevertheless  we  are  of  the  opinion  that  it  does  not  finally  settle  the 
entire  question  of  the  etiology  of  the  disease.  Some  of  the  most  im- 
portant questions  open  for  discussion  are  as  follows : 

1.  Is  S.  freeri  sufficiently  different  from  previously  described  organ- 
isms to  entitle  it  to  be  classified  as  a  new  species  ? 

3.  Is  mycetoma  a  distinct  disease  etiologically,  or  is  it  one  type  of 
manifestation  of  more  than  one  species  of  Streptothi-ix  infection? 

3.  Are  the  "ochroid"  and  "melanoid"  varieties  different  stages  of  a 
single  etiologic  entity,  or  are  they  due  to  different  species  of  Streptothrix  ? 

4.  What  is  the  relation  of  mycetoma  to  actinomycosis? 

In  spite  of  all  of  the  admirable  older  investigations  on  the  subject 
and  giving  all  due  credit  to  the  writers  of  former  contributions,  there 
are  but  two  articles  dealing  with  the  etiology  of  the  disease  which  are 

<*Albutts'  System  of  Medicine  (1607),  2,  764. 
"Cenfrbi.  f.  Bakteriol.  Orjg.   (1S07),  44,  193. 
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sufBciently  clear  and  which  follow  required  methods  closely  enough  to 
be  of  value  in  a  comparative  study.  These  are  Vincent's  report  on  S. 
madura  as  the  canse*  of  the  infection  in  the  ochroid  variety,  and  Wright's 
article  reporting  a  Hyphomyceie  as  the  etiologic  factor  in  the  melanoid 
type  of  the  disease.  The  work  of  both  these  authors  seems  to  have  been 
carefully  carried  out  and  their  conclusions  appear  to  he  sound,  but  in 
neither  investigation  did  the  authors  establish  the  etiologic  relation  of 
their  organisms  to  Madura  foot  by  experiments  on  animals.  However, 
leaving  this  omission  out  of  consideration  and  studying  the  cultural 
characteristics  of  their  fungi  alone,  the  evidence  seems  to  be  conclusive 
that  S.  freeri  differs  from  both  of  their  organisms.  This  is  not  only  so, 
but  when  we  compare  its  characteristics  with  the  description  of  other 
species  of  pathogenic  Streptothrix  which  have  been  cultivated  by  others, 
we  And  our  organism  clearly  to  be  distinct.  The  table  opposite  gives 
a  comparative  summary  of  the  characteristics  of  six  of  these  Strepiotkricen, 
and  it  includes  those  of  S.  actinomyces. 

There  can  be  no  reasonable  doubt  but  that  all  types  of  mycetoma 
ar«  due  to  Streptothrix  infections,  but  whether  ail  the  forms  are  caused 
by  an  infection  with  a  uniform  organism  or  whether  more  than  one 
species  plays  a  part  in  the  disease,  can  not  now  positively  be  stated. 
However,  it  is  very  probable  that  Madura  foot  may  be  produced  by  any 
one  of  several  species  of  Stpptothrix,  and  that  lesions  of  etiology  identical 
with  the  ones  occurring  in  the  foot  may  be  produced  in  various  parts 
of  the  body.  Such  infections  are  now  occasionally  recognized.  It  seems 
likely  that  some  of  these  lesions,  located  in  places  other  than  the  foot, 
are  not  considered  to  be  mycetoma,  more  because  of  their  location  than 
because  of  any  specific  diiferences  in  the  parasites.  However,  if  the 
methods  employed  by  observers  who  have  reported  mycetoma  in  parts 
of  the  body  other  than  the  foot  are  examined,  it  is  certain  that  the 
diagnoses  of  these  infections  were  based  upon  morphologic  considerations 
of  the  StreptotkHx  as  a  whole,  and  therefore  were  not  conclusive  as 
to  the  determination  of  species. 

S.  freeri  is  as  pathogenic  for  monkeys,  when  it  is  inoculated  in  the 
deep  tissues  in  other  parts  of  the  body,  as  it  is  when  injected  into  the 
foot,  where  it  produces  typical  mycetoma  clinically  and  pathologically. 
It  seems  probable  that  mycetoma  most  often  occurs  in  the  foot  because 
of  the  accidents  to  which  that  member  is  exposed  and  in  this  connection 
it  may  be  stated  that  the  right  foot  is  more  frequently  affected  than  the 
left  one.  If  the  general  ibfections  produced  in  animals  by  S.  freeri 
prove  to  be  experimentally  practical  with  other  types  of  the  disease, 
then  Madura  foot  becomes  a  variety  of  streptothricosis  differing  from 
other  types  more  in  anatomical  position  than  in  specific  etiologic 
distinctions. 

The  review  of  the  literature  which  has  been  given  shows  that  there 
is  much  difEerence  of  opinion  in 'regard  to  the  etiology  of  Madura  foot. 
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The  only  important  data  tending  to  show  that  different  types  of  the 
disease  exist  are  found  in  the  varying  color  of  the  granules  from  the 
different  varieties  and  the  results  of  Wright's  cultivation  experiments. 
While  Wright  could  not  establish  the  etiologic  importance  of  his  or- 
ganism, it  is  pi'ohable  that  it  was  the  cause  of  the  disease  in  his  case; 
this  being  true,  the  etiologic  identity  of  the  two  varieties  must  be 
questioned  until  further  experimental  work  is  done  with  both  Wright's 
and  our  own  organisms. 

One  of  our  experiments  on  monkeys  is  suggestive.  A  fair  number 
of  small,  black  granules  were  produced  in  the  tissues  of  monkey  number 
3367  inoculated  subcutaneously,  and  a  less  decided,  but  positive,  varia- 
tion in  the  color  of  the  granules  has  been  noticed  in  other  inoculated 
animals. 

The  statement  which  has  often  been  repeated,  that  the  ochroid  variety 
of  mycetoma  is  actinomycosis,  is  not  supported  by  the  weight  of  evidence 
in  the  literature,  and  it  is  positively  disproved  by  our  work. 

There  is  no  doubt  but  that  actinomycosis  has  been  mistaken  for 
Madura  foot,  both  of  the  ochroid  and  black  variety,  in  some  of  the 
reported  cases,  but  it  is  equally  certain  that  Actinomyces  hominis  la  a 
different  species  of  Streptothrix  from  those  producing  mycetoma. 
Furthermore,  the  two  diseases  show  decided  differences  in  clinical  mani- 
festations and  in  the  pathologic  findings. 
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ILLUSTRATIONS. 


:.  1    Madura  foot    nijcetonia 

2  Monkey's  toot  after  ten  dajs      Inoculated  with  cultures  from  the  leBiona 

of  foot  ahowE  in  Plate  I,  fig    1 

3  Monkey's   foot  afttr  fifteen   day-i      Inoculated   with   BcrapingB  -from   the 

lesions  of  font  shown  m  Plate  I    flg    1. 

Plate  II 

.  1    &ectinn  from  the  toot  ol  the  original  ease,  stained  preparation      1  X  75. 

2  Section  from  the  foot  of  the  original  oate,  stained  preparation      1  X  100. 

3  Section    from    abdominal    turoor    of    dop    number    3390,     stained    with 

Sterling's    gpntian  nolet    iodine    solution    (1-2-200)    decolorized    with 
aniline  oil      I  X  ?90. 

Plate  III. 

.  1.  Fresh   smear   from  the  lesions  of  the  original   ease.     1  X  850. 
2.  Fresh  smear  from  a  thirty  days'  culture  on  glyeerin-agar.     1  X  850. 


i,  1.  Drawing  of  a  ten  days'  culture  of  Streplothrix  freeH  on  glycerii 
2.  Potato  culture  of  Streplothria;  freeri  showing  ten  days'  growth. 
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EXPERIMENTS  IN  MALARIAL  TRANSMISSION  BY  MEANS  OF 
MYZOMYIA  LUDLOWII  THEOB. 


By  Charles  S.  Baskb. 

{From  the  Entoinologicol  section,  Biological  Laboiatoiy,  Bureau  of  Science, 

Manila,  P.  I.) 

1.  Intboduction. 

3.  BiiEEDiKG  Places  of  the  Mosquitoes. 

3.  Life  History  of  Mykomyia  ludlowii  Theob. 

4.  Mosquitoes  and  Maiakial  Pakasites. 

introduction. 

Physicians  in  the  Philippine  iBlands  have  for  several  years  been 
desirous  of  determining  with  greater  certainty  the  exact  species  of 
Anophelince  responsible  for  the  transmission  of  malaria  in  this  region, 
although  as  far  as  I  am  aware  no  definite  experiments  looking  to  this 
end  have  ever  been  carried  on. 

In  the  year  1906  a  very  severe  epidemic  of  Eestivo-autummal  fever, 
resulting  in  several  deaths  both  among  the  American  and  Filipino 
workmen,  broke  out  in  a  camp  some  6  kilometers  from  Manila  on  the  line 
of  the  new  waterworks  excavations,  I  went  to  the  scene  of  the  trouble 
to  study  the  features  of  the  infection,  but  not  untiF  some  time  after  it 
had  been  decided  to  abandon  this  camp  and  all  the  workmen,  including 
also  the  families  of  the  Filipinos,  had  moved  away.  A  very  brief  visit 
of  two  or  three  hours,  made  at  a  time  previous  to  the  breaking  up  of  the 
camp,  enabled  me  to  determine  the  actual  state  of  existence  of  these 
people  and  to  find  out  that  practically  none  of  the  Filipinos  and  very  few 
of  the  Americans  used  mosquito  nets.  A  great  many  specimens  of 
Nyssorhynchus  barbirostris  Theob.,  were  found  among  clothing  in  the 
huts  of  the  workmen. 

A  reconnaissance  of  the  immediate  vicinity  of  the  camp  at  the  time  of 
the  second  visit  revealed  the  abundant  breeding  places  of  the  species 
of  mosquito  just  referred  to,  but  no  further  attempts  were  made  defi- 
nitely to  fix  the  blame  of  malarial  transmission  upon  the  species  found. 

In  December,  1906,  word  came  from  the  United  States  naval  station 
at  Olongapo,  Zambales,  that  malaria  was  very  prevalent  among  the 
large  body  of  marines  in  barracks  at  that  place  and  that  it  was  of  a  very 
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pernicious  type.  It  had  been  noted  for  some  time  previously  that  com- 
panies going  for  target  practice  to  the  marine  rifle  range  at  Maquinaya, 
some  5  kilometers  north  of  Olongapo  on  the  east  shore  of  Suhig  Bay, 
invariably  returned  to  Olongapo  with  a  large  percentage  of  their  person- 
nel infected  with  malaria,  in  one  instance  as  many  as  85  per  cent  having 
the  fever. 

It  was  not  possible,  owing  to  pressure  of  other  work  in  Manila,  for  me 
to  reach  Olongapo  before  the  1st  of  April,  so  that  upon  my  arrival  I 
found  the  disease  to  have  diminished  markedly,  although  cases  were  by 
no  means  of  r 


The  naval  station  of  Olongapo  is  situated  at  the  southeast  end  of  the 
smaii  island  of  that  name,  lying  in  the  eastern  part  of  Subig  Bay  and 
separated  from  the  mainland  of  Luzon  by  the  Kalaklan  River.  It  is 
really  one  of  a  series  of  deltas  formed  at  the  mouths  of  the  Kalaklan, 
Santa  Eita  and  Biniktigan  Eivers.  The  region  roundabout  is  hilly, 
often  to  the  coast,  the  main  axes  of  the  hills  running  at  an  angle  with 
the  coast  line  and  having  broad  valleys  between  them,  especially  on  the 
east  shore  of  the  bay.  More  or  less  sluggish  streams  flow  through  these 
valleys  and  upon  reaching  the  coast  they  naturally  spread  out,  forming 
areas  of  mangrove  swamp  in  which  a  certain  species  of  large  crustacean 
has  built  up  mounds  of  ea'rtb  which  in  time,  owing  to  vegetation  and  the 
further  deposit  of  earth  by  the  rivers,  have  united  to  form  a  more  or  less 
level  tract  having  an  elevation  of  from  3  to  10  decimeters  above  mean  tide. 
Numerous  channels  are  cut  through  these  tracts  of  land  at  the  time  of 
floods,  and  when  the  tides  are  high  the  waters  of  these  channels  are  con- 
tinuously mised  with  that  from  the  sea.  At  no  time  is  the  water  in  or 
around  these  areas  fresh,  and  where  the  tide  recedes  it  leaves  the  land- 
locked pools  to  become  more  salty  by  evaporation.  The  shores  for  several 
kilometers  around  Olongapo  in  all  directions  are  of  this  character,  and  this 
condition  is  only  relieved  by  the  terminal  talus  slopes  of  the  surrounding 
hills. 

Engineering  operations  carried  on  by  the  Navy  with  reference  to  harbor 
improvements  at  the  station,  have  altered  the  course  of  the  Biniktigan 
River  while  causing  large  bodies  of  water  to  become  more  landlocked 
than  previously,  with  the  result  that  now  the  area  of  stagnant  or  semi- 
stagnant  wat«r  in  the  vicinity  of  the  station  is  about  doubled. 

The  same  condition  obtains  at  the  Maquinaya  rifle  range,  except  that 
the  swamps  at  this  place  lie  farther  landward,  whereas  the  camp  itself 
ie  located  on  a  sandy  beach,  upon  which  fair  sized  trees  of  various  species 
grow. 
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The  navy-yard  proper  is  located  on  a  sand  spit  and  is  aurrounded  by 
a  wall  built  in  Spanish  times;  all  the  offices  and  the  quarters  of  moat  of 
the  navai  and  marine  officers  and  the  hospital  are  located  within  this 
wall.  Outside,  and  along  the  west  beach  of  the  island  are  &e  other 
marine  officers'  quarters  and  eastward  from  these,  at  a  distance  of  some 
120  meters,  are  the  five  large  buildings  erected  for  barracks  for  the  troops. 
Four  of  these  barracks  are  within  a  few  met«rs  of  the  swamp  regions. 
They  are  built  on  cement  piers  about  1  meter  from  the  ground  level  and 
are  well  ventilated.  Sewage  is  carried  into  Subig  Bay  by  pipe  lines 
and  there  is  no  stagnant  water  in  the  immediate  vicinity.  Each  building 
is  provided  with  a  tank  on  the  upper  veranda  into  which  water  is  pumped 
for  bathing  purposes  and  for  flushing  the  closets.  The  ground  area 
beneath  and  around  the  barracks  is  kept  in  a  scrupulously  clean  condition, 
many  of  the  posts  and  piers  being  frequently  whitewashed  and  no  weeds 
are  allowed  to  grow.  The  parade  ground  at  the  west  and  south  of  the 
barracks  is  not  yet  finished  and  therefore  it  is  cut  in  many  places  by 
trenches  and  ditches  into  which  tide  water  finds  its  way  and  where  Culex 
microannulatus  Theob.,  and  Myzomyia  ludlowii  Theob.,  breed  in  great 
numbers.  Larvie  of  both  the  above-mentioned  species  of  mosquitoes  were 
found  at  the  Maquinaya  rifie  range,  freely  breeding  in  salt  water  less 
than  60  meters  from  the  camp,  which  consisted  of  tents  for  both  officers 
and  men. 

According  to  regulations,  all  men  are  obliged  to  sleep  under  mosquito 
nettings,  but  I  am  of  the  opinion  that  these  do  not  completely  serve  their  . 
purpose  in  preventing  the  men  from  being  bitten,  for  few  sleep  so  quietly 
that  at  some  time  during  the  night  their  arms  or  legs  do  not  come  in 
contact  with  the  sides  of  the  narrow  nets,  thus  offering  a  ready  mark 
for  mosquitoes. 


It  was  decided  that  the  first  requisite  was  the  discovery  of  all  species 
of  mosquitoes  which  might  play  an  important  role  in  Uie  transmission 
of  disease,  as  well  as  to  study  the  conditions  imder  which  the  insects 
breed  most  readily.  A  considerable  amount  of  time  was  consequently 
spent  in  reconnaissance  in  the  neighborhood  both  of  Olongapo  itself  and 
the  rifle  range  at  Maquinaya.  During  this  period  mosquito  larvte  were 
collected  and  bred,  and  breeding  grounds  mapped  out.  This  work  enabled 
me  to  narrow  the  species  of  Anophelince  down  to  Myzomyia  ludlvwii 
Theob.,  as  the  most  probable  transmitter  of  malaria. 
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The  breeding  grounds  of  AnopheUfKB  were  so  near  to  the  laboratory 
where  my  indoor  investigations  were  carried  on,  that  it  was  an  easy  matter 
to  go  from  the  outdoor  cages  to  the  workroom  several  times  a  day  if 
necessary.  At  first,  certain  places  were  simply  watched  daily  and  the 
development  of  the  larvie  and  pupse  noted,  hut  as  work  went  on  it  was 
found  desirable  to  isolate  individuals  and  eggs  in  order  to  determine  witii 
exactness  the  various  periods  of  growth.  I  took  with  me  from  Manila 
most  of  the  portable  apparatus  necessary,  but  many  features  which  needed 
to  be  constructed  on  the  spot  were  furnished  by  the  naval  'authorities, 
ail  of  whom,  without  exception,  did  everything  in  their  power  to  aid  my 
work,     I  wish  in  this  place  to  express  my  thanks  for  their  assistance. 


On  the  22d  of  April  a  battalion  of  marines,  fully  equipped  for  heavy 
marching,  left  Olongapo  under  the  command  of  Maj.  E.  K.  Cole,  United 
States  Marine  ('orps,  for  a  military  reconnaissance  of  the  region  around 
Mount  Pinatubo  to  the  north  o#  Olongapo  and  distant  some  48  kilometers. 
This  expedition  from  the  time  of  starting  until  tlie  return  to  Olongapo 
occupied  five  and  a  half  days,  during  which  time  the  whole  command  slept 
at  no  one  place  for  two  consecutive  nights.  We  left  the  seacoast  at  tlie 
tovm  of  Subig  12J  kilometers  north  of  Olongapo  at  the  head  of  Subig 
Bay  and  struck  inland,  there  being  a  continuous  and  gradual  rise  in 
the  land  until  the  second  day,  when  the  country  became  strictly  moun- 
tainous. The  night  camps  were  always  pitched  in  the  vicinity  of  running 
water,  but  in  no  ease  was  stagnant  or  semistagnant  water  encountered 
during  the  trip.  A  few  mosquito  larvfe  were  found  at  Santa  F6  in  the 
river  near  the  camp,  but  the  specimens  collected  died  liefore  reaching 
maturity.     However,  they  were  not  Anophelines. 

On  the  last  night  of  the  expedition  (April  36)  at  a  small  place  south 
of  Castillejos,  Zamhales,  the  sleepers  were  annoyed  by  considerable  num- 
bers of  Devoidya  joloensts  Ludlow  (D.  fusca  Theobald,  var.  joloensis 
Ludlow).^  This  species  probably  breeds  in  the  rather  sluggish  river 
near  this  place,  although  a  search  did  not  reveal  the  larvie  at  that  time. 

These  mosquitoes  were  the  only  ones  encountered  on  the  trip  and  it 
is  noteworthy  that  no  single  individual  of  the  entire  expedition,  com- 
prising some  one  hundred  and  twenty-five  men,  was  attacked  by  malaria 
subsequent  to  his  return  to  Olongapo,  within  the  usual  incubation  period 
of  the  disease ;  in  fact,  a  careful  observation  of  the  men  of  the  command 
for  two  months  after  their  return  showed  that,  where  there  was  any 
malaria,  it  was  a  recrudescence  of  the  ffistivo-autummal  type  and  in  indi- 
viduals who  had  be^n  suffering  from  the  disease  for  some  time  before  this 
trip. 

,  4,  165,  that  this  variety  merits  specific 
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THE   BREEDING   OF   MOSQUITOES. 


Most  of  the  BpecieB  of  mosquitoes  breed  in  fresh  water;  in  ponds, 
sluggish  streams,  the  margins  of  lakes  and  swamps  or  in  cisterns,  wells, 
water  tanks  and  all  other  receptacles  for  collecting  water  around  houses, 
which  are  not  covered  by  wire  gauze  or  other  mosquito-prooi  covering. 
Certain  species  breed  only  in  open  meadow  or  marsh  waters,  others  only 
in  woodland  waters  and  again  others  only  in  receptacles  in  or  near  houses. 
Examples,  respectively,  of  these  three  classes  in  the  Philippines  are 
NyssoThynchvs  barbirostris  Van  der  Wulp,  Desvoidya  fusca  Theob.,  Wor- 
cestena  grata  Banks,  Culex  faiigans  Wied.,  and  Stegomyia  persistans 
Banks.  The  total  number  of  known  species  of  Culicidse  found  to  breed 
in  salt  or  even  brackish  water  is  so  very  small  that  the  finding  of  a  true 
anopheline  breeding  under  such  conditions  is  remarkable. 

Only  the  following  species  of  Culea:  are  known  to  multiply  in  salt  or 

bractish  waters  in  the  United  States:  C.  soUcitans  Walk.,  C.  salinarius 

Coq.,  C.  tiEmorhynckvs  Wied.,  and  C.  cantator  Coq.     In  Europe  Bancroft 

and  Ficalli  record  krvEB  of  Culex  salinus  Fie,  from  salt  water,  while 

.  Theobald  adds  Culex  marmus  Theob. 

Three  species  of  mosquitoes  have  been  found  breeding  in  salt  water  in 
the  Philippine  Islands;  they  are  Culex  microannulatus  Theob.,  Myzomyia 
ludlowii  Theob.,  and  Culex  sp.  indet.  In  a  former  publication  ^  I  stated 
that  C.  microannulatus  Theob.,  breeds  in  brackish  water,  but  it  has  since 
been  found  in  the  same  places  as  M.  ludlowii  Theob.;  that  is,  in  water 
which  upon  analysis  yields  a  greater  percentage  of  salt  than  that  of 
Manila  Bay.  Myzomyia  ludlowii  Theobald  was  the  species  used  in  the 
transmission  of  malarial  parasites  in  the  series  of  experiments  recorded 
in  this  paper.  It  is  quite  evident  from  collections  made  in  the  various 
parts  of  the  Philippine  Islands,  that  this  species  is  quite  generally  distrib- 
uted. It  has  been  taken  in  Pampanga  Province,  in  Jolo,  Panay,  Negros, 
Cebu,  Manila,  Cavite  and  Mindoro,  so  that  its  range  is  probably  general 
in  this  Archipelago.  It  is  always  found  in  what  we  might  term  tidal 
backwaters,  namely  in  swampy  regions  where  the  incoming  tide  floods 
considerable  areas  intersected  by  channels  and  dikes.  In  these  places 
a  certain  amount  of  water  is  left  by  the  outgoing  tide,  and  as  evaporation 
takes  place,  the  remaining  water  becomes  more  salty  until  the  next  tide, 
when  it  is  once  more  restored  to  nearly  its  ordinary  specific  gravity. 

The  amount  of  rain  during  the  season  when  these  mosquitoes  are 
most  abundant,  namely  from  November  to  July,  is  not  sufficient  to  render 
the  water  which  remains  in  their  breeding  places  sufficiently  fresh  to 
injure  or  destroy  the  plant  life  upon  which  the  mosquitoes  feed,  or  to 
be  detrimental  to  the  insects  themselves ;  on  the  other  hand  it  has  been 
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conclusively  proved  that  tliey  can  not  live  in  fresh  water,  nor  in  salt 
water  which  has  been  brought  up  to  the  point  of  saturation.  Certain 
species  of  alga;  are  always  found  in  salt  water  where  Myzomyia  ludlowii 
Theob.,  breeds.  The  commonest  of  these  forms  are  Enteromorpha  sp. 
indet.  and  Chaeiomorpha  sp.  indet.'  and  the  cells  of  these  plants  are 
found  in  the  mosquitoes'  stomachs.  The  insects  are  top  feeders  and 
make  little  or  no  use  of  the  slimy  algre  which  grow  upon  the  muddy 
bottoms  of  the  pools  or  ditches  in  which  they  live,  unless  the  water  has 
so  far  receded  as  to  bring  these  plants  to  within  half  a  centimeter  of  the 
surface.  Few  other  water  plants  are  found  in  the  breeding  places  of 
Vyzomy  a  Judlotiti  Theol  lut  these  where  thei  nc  ur  m  small  quantit} 
do  not  appear  to  affect  the  larv^  The  fact  that  none  of  the  latter  are 
tound  in  water  the  'iurface  of  which  la  covered  more  tr  le«s  completely 
with  leaves  of  ajuatic  plants  goes  to  pro^e  further  that  these  insects 
m  the  larial  and  pupal  ^tage'-  thrive  best  under  the  almost  umnttrrupted 
glare  of  the  sunlight  and  that  they  retire  to  the  shaded  places  onl}  at 
the  time  of  metair  orphoiis  when  they  remim  1  elow  the  surface  for  ion 
siderable  periods  beffre  they  came  to  the  top  to  breathe 

In  ialoratorv  breclmg  expeiimenis  the  pUnts  in  the  witer  begin  to 
die  w  thm  thiee  to  five  div)  while  the  larva;  appear  to  feed  in  a  df-ul 
torj  manner  The  time  for  their  natural  t  an  formation  to  the  pupa 
comes  and  goes  and  tl  e}  etill  remain  is  larv  ^  The  toulneo'*  of  the 
water  due  to  organic  decomposition  ap]eais  not  to  afJect  them  but  on 
the  otl  er  hand  the  laLk  ot  proper  food  seems  to  cause  them  to  remain 
m  an  mdeiimte  larval  stage  until  after  three  weeks  o  more  they  grad 
ually  begm  to  die  PupT  biought  in  and  kej  t  under  im  lar  conditions 
de^elDp  normall)  and  the  mosquitoe=!  emerging  from  then  appear  not 
to  have  suffered  trom  latk  of  sunshine  in  their  previous  stage  The 
conclusions  are  therefore  that  direct  fcunlight  is  ab  oliiteh  nece  saiv 
for  the  1  ^t  development  of  this  mosquito 

In  order  to  obtain  a  sufficient  number  of  individuala  for  experimentB  in  biting,  a 
large,  white,  gauze  net  was  built  over  a  pond  the  area  of  which  waa  approximately 
7  square  meters.  This  net  was  high  enough  so  that  a  man  could  enter  by  stooping 
down,  and  go  from  one  part  of  the  incloaure  to  the  other  on  boards  about  15  cen- 
timeters above  the  surface  of  the  water  The  earth  banked  up  inaide  and  outside 
the  net  held  it  in  place  an'd  kept  the  mofquitoes  from  creeping  out  beneath  the 
flaps;  it  also  Served  as  a  resting  pla  e  f  r  tie  newlj  emerged  adults  They  were 
never  found  upon  the  net  itself  but  al  vajs  upon  tt  p  earth  and  teing  ao  nearly  of 
the  same  color  it  was  not  an  easj  matter  to  find  them 

While  there  waa  no  appreciable  difference  in  the  appeirancp  or  rate  of  develop- 
ment of  the  larvffi  the  adult  moaquitoea  were  of  a  slightly  paler  color  when  they 
were  reared  under  nets  and  for  s  me  reason  appeared  to  be  lesi  antue  or  wary  than 
those  indmduala  ene  untered  in  tie  open 

Care  «»«  taken  in  conatructmg  the  net  to  exclude  all  small  flat    that  might 
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be  enemies  of  the  moaquito  larva,  so  that  when  masses  of  algffi  containing  large 
numbers  of  mosquito  eggs  were  placed  in  the  water,  the  insects  eould  develop 
without  menace  from  this  source.  H<iwever,  it  ii  probable  that  a  limited  number 
of  the  larvs  and  pupa^  fell  a  prey  to  the  tinj  water  beetles  and  their  larvre,  which 
could  not  all  be  removed  from  the  water  owing  to  the  fact  that  many  of  them 
burrowed  in  the  mud  when  the  pond  was  disturlied.  One  or  two  dragon-fly  larvK 
were  left  in  the  water  and  they  reached  maturity.  They  were  seen  to  capture 
some  of  the  hundreds  of  ilyiomyia  tudlotvii  Theob.,  and  Culex  microannutatu) 
Theob.,  which  emeiged,  but  their  quota  must  have  been  very  insignificant,  since 
they  were  small  damsel  files  and  not  the  larger  and  more  voracious  Libellulina: 

One  of  the  moat  satisfactory  methods  of  collecting  the  adult  mosquitoes  for 
experiment  was  to  permit  a,  large  number  of  the  larvtc  to  pupate  under  the  net 
among  the  algie  and,  within  a  day  of  the  time  for  their  emerging  as  adults,  to 
collect  as  many  as  needed  with  a  scoop  net.  They  were  then  placed  in  a  jar  of  salt 
water  and  covered;  the  next  morning  all  of  the  adults  would  be  found,  they  having 
emerged  during  the  previous  evening. 

Many  attempts  were  made  to  raise  these  mosquitoes  in  confinement, 
but  I  succeeded  only  after  numerous  trials.  Under  ordinary  conditions 
evaporation  is  eo  rapid  that  water  must  be  added  eacli  day;  this  bo  disturbs 
the  larvEc  that  they  do  not  thrive  well,  especially  when  an  attempt  is  made 
thoroughly  to  mix  the  water  at  the  time  of  its  addition.  Another  detri- 
mental feature  ie  the  amount  of  reflection  of  light  from  the  sides  of  the 
vessel.  Thermometric  tests  show  that  the  air  just  above  the  water  con- 
tained in  a  10-liter  porcelain  evaporating  dish  is  from  5°  to  7°  C.  above 
that  of  the  outside.  In  30-liter  eylindrjeal  glass  vessels  of  35  to  40 
centimeters  height  it  is  from  8"  to  10°  C.  Direct  sunlight  does  not 
detrimentally  affect  the  larvse  and  pupje,  but  the  adults  die  within  fifteen 
to  twenty  minutes  when  so  exposed,  so  that  those  emerging  under  such 
conditions  in  a  covered  vessel  never  reach  the  stage  where  they  can  fly. 
Those  not  killed  directly  by  the  sunlight  become  so  thoroughly  soaked 
by  the  moisture  collecting  on  the  sides  of  the  vessel  that  they  soon  die. 
It  is  possible,  by  using  a  iai^e  porcelain  evaporating  dish  and  shading 
-a  portion  of  it  with  a  black  cloth  under  white,  to  keep  the  temperature 
down  2°  or  3°,  but  even  under  such  conditions  great  vigilance  and  a 
repeated  change  in  the  position  of  the  vessel  to  a  shady  place  for  an  hour 
or  so  and  then  back  into  the  sunshine,  is  necessary. 

LIFE  HISTORY  OF  MYZOMYIA  LUDLOWII   THEOB. 

The  egg. — One  and  eight-tenths  millimeters  in  length  and  0.96  millimeter  at 
its  widest  point  including  the  air-celis,  it  being  slightly  wider  than  deep.  The  egg 
(PI.  I,  figs.  1  and  2)  is  nearly  jet  black,  the  surface  being  covered  with  an 
iridescent,  reticulated  film  which  separates  when  the  egg  dries.  It  is  blunt  canoe- 
shaped,  the  lower  surface  strongly  convex,  the  upper  concave  lengthwise.  At 
each  end  is  a  small,  round,  lighter  area  having  7  to  8  tiny  black  dots  within  its 
circumference.  A  rim  of  air-cells  extends  around  the  entire  upper  part  and  at 
each  side  near  the  top  and  midway  between  the  extremities  occupying  nearly  one- 
half  the  length  is  an  arrangement  of  air-cells  which  extends  from  the  top  halfway 
down  the  side  of  the  egg  (PI.  I,  fig.  2).  These  cells  run  dorso- ventral ly,  each  one 
widening  downward. 
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The  eggs  are  usually  laid  in  the  afternoon  after  4  o'clock.  When 
ovipositing  the  ineect  alights  upon  the  water  at  a  place  where  a  mass  of 
algEG  exists.  After  walking  around  for  a  brief  time,  it  finally  extrudes 
the  eggs  one  after  another,  at  the  rate  of  abont  one  per  second  until  five  or 
si"£  have  been  laid  it  then  walkb  a  sliott  distance  awa\  and  then  deposit? 
a  few  more  It  has  thuf  far  been  iniposBible  to  determine  the  number 
laid  h\  a  ^ingk  female,  but  counts  of  the  eggh  fountl  in  the  ovaries  and 
oviducts  of  new  females  show  it  to  be  se^enti  fi^e  to  one  hunired  and 
fifty,  the  average  being  about  one  hundred 
'  Larta  (PI  I  fig  3)  — The  larvas  hatch  in  from  thirty  six  to  sixty  hours  from 
the  time  of  OMpositun    the  [iiiiod  rf  ineitbatum  depending  upon  the  temperature 

The  egg  shell  in  hateliing  »pliti  longitudinally  on  the  upper  surface  aomewhat 
in  the  minner  of  the  egg*<  of  'Musiidie  the  imall  piece  breaking  out  and  the  shell 
afterward  ahmeling  and  ruliing  up  Ihe  ^oung  lar\fe  aie  pale  graj  almost 
transparent  and  liat«  a  white  spot  on  the  antenoi  area  of  the  thorax  The  head 
19  marked  hi  a  prominent  black  band  extending  around  the  entire  posterior 
margin  and  there  are  a  few  d»rk  brown  markings  on  its  surface  Tlie  dark 
triangular  spots  before  the  eyes  persist  throughout  tlie  larval  period  and  are  the 
beginnings  of  the  adult  compound  etes  Tins  ma^  easily  be  seen  just  befor 
the  last  molt  and  when  the  pupa  has  formed  within  the  larval  skin 

The  full  grown  laria  (PI  I  fig  3)  is  greenish  gray  the  abdomen  is  dorsalh 
of  this  lolor,  Hlightlj  daiker  near  the  median  line  The  region  aiound  the 
anterior  dorsal  and  \Lntral  portions  of  the  thorax  has  a  decidedly  blue  color 
subcutaneouslj  Theie  is  a  small  transverse  black  tergite  between  eiery  two 
abdominal  segmenta  These  tergites  appear  at  firat  sight  to  be  the  result  of 
great  transparency  and  the  tunsequent  visibility  of  the  stomach  and  intestinal 
contents  but  they  are  of  couise  cutaneous  The  ventral  surface  of  the  thorax 
and  abdomen  is  pale  bluish  green  grai 

ITie  head  is  light  buff  with  the  folkmn^j  daik  brown  markings  above  The 
smalt  round  e>es  at  the  lateral  prominences  a  large  subtriangular  hand  iiprt 
senting  the  compound  eyes  of  the  adult  in  front  ut  each  eje,  a  narrow  band  around 
the  posterior  nm  of  the  head  a  transverse  broken  uav^  band  five  eighths  the 
distance  across  the  top  before  the  eyes  a  ^  shaped  line  medially  opening  ant" 
riorly  and  connected  posteriorly  with  the  band  on  the  posterior  nm  of  the  head 
a  small  triangular  median  dot  betwen  the  legs  of  the  \  a  small  lound  dot 
behind  the  eje   lialfway  from  the  posterior  margin 

On  the  underside,  the  head  is  marked  as  follows  \  large  brown  patch  on  the 
ventio  lateral  area  posteriorly  a  furcula  shaped  mark  its  apeii  at  tlie  mouth 
(xtendmg  posteriorly  nearly  to  the  margin  a  small  dot  at  the  basal  angles  of  tl  l 
latium      The  tipH  of  the  mandibles  are  black      (PI    1    hg   5  ; 

The  labial  plate  is  of  peculiar  stru  ture  being  bilaminate  the  proximal  lamini 
has  9  teeth  the  external  lamina  5  A  thin  chitmous  prolongation  of  the  lUsps 
extends  into  the  head  and  serves  as  a  brace      |P1    II   hg   4  ) 

The  labium  is  composed  of  a  movable  portion  whi  h  has  15  very  stout  blunt 
curved  bristles  along  ila  margin  and  is  cohered  with  smaller  sc lie  like  processes 
extending  also  to  the  dvpeus      (PI   II    Jig   2  | 

Dorsalij  on  each  f  the  second  to  sixth  abdominal  segments  midnav  between  the 
median  line  and  the  lateral  angle  is  a  small  tuft  of  stellate  hairs  used  for 
supporting  the  larva  lionKOntallj  beneath  the  surface  film  ft  hen  it  comes  to 
the  surface  these  hairs  spread    ut    engaging  the  him      Each  abdcn  inal  segment 
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has  laterailj  one  or  two  pectinate  bristles  diniini^hinR  in  aize  toward  the  anal 
e\t  remit  V 

Cha^totaxi/  of  the  full  grown  laria  — In  order  to  avoid  confusion  the  arrange 
ment  of  the  Iiair«  on  one  side  of  the  median  line  is  pven 

H(ad  (PI  II  fig  1)  — At  the  base  of  tbe  dvpeiis  projecting  antenad  over 
and  to  end  of  the  brush  is  1  straight  simple  bristle  slightly  to  one  side  of  the 
median  line  poatero  mediad  to  the  baae  of  the  antenna  1  straight  peelinate  bristle 
and  I  more  in  a  transverse  line  mediad  to  it  and  equidistant  extenad  and 
lentrad  to  the  antenna  eurving  antenad  is  1  pectinate  bristle  lentraiJ  to  this 
iH  a  group  of  3  short  straight  hairs  of  equal  size  projecting  from  the  same 
point  postenad  to  this  another  group  of  3  antero  ventrad  to  the  simple  eye 
ani  slighth  remote  therefrom  antenad  to  the  median  angle  of  the  tompound 
eye  spot  is  1  simple  bristle  projecting  at  n  right  angle  to  the  surface  of  the 
head  thire  are  no  hairs  or  bristles  on  the  ventral  surface  The  maxillary 
palpus  IS  irmed  with  a  compound  palmate  pectinate  bristle  at  the  outer  aide 
of  the  apex   before  the  articulation  of  the  terminal  joint       (Plate  II    fig   3  ) 

Thorac—^n  the  anterior  face  (PI  III  flg  2)  laterad  to  the  point  of  articula 
tion  of  the  head  is  a  very  small  lii  or  tri  furcate  bristle  projecting  antenad  2 
long  bristles  in  »  tranaveise  line  on  the  anterior  area  of  the  dorsum  laterad  of 
the  median  line  laterad  of  the  e\teri»i  of  these  and  distant  from  it  three  times  its 
distance  from  the  inteiKr  bristle  is  a  short  stout  peitmate  bristle  projecting 
antenad  extenad  to  this  is  another  n  ore  slender  nearly  twice  as  long  projecting 
parallel  with  it  the  latter  followed  laterad  by  a  slender  simple  bristle  of  its  own 
length,  projecting  latero  antenad  latere  ventrad  to  this  is  a  pectinate  bristle 
nearly  twice  its  length  projecting  later>  antenad  ventrad  of  this  is  a  curved 
pectinate  bristle  projecting  antenad  on  the  anterior  faie  f  the  thorax  at  the 
intersection  of  an  imaginary  transieise  line  through  the  middle  of  the  thorax  and 
one  a  little  moie  than  midway  between  the  median  line  and  the  dorsolateral 
margin  is  a  long  pectinate  bristle  projecting  antero  laterad  laterad  of  this  are 
2  small  simple  bristles  and  exteriad  to  these  4  others  the  most  ventral  of 
which  IS  qnadrifui  cate  on  the  posten  r  lateral  or  metathoracic  area  are  4 
curved  pectinate  bristles  all  twice  the  lengtl  of  those  on  the  anterior  or 
prothoracic  area  of  the  thorax  These  bristles  are  all  moiable  bi  means  of 
volunfan  muscles  The  moat  ventral  bristle  has  a  small  pseudopod  at  its  origin 
(PI  III  hg  3  )  The  same  is  true  of  the  most  ventrad  of  the  anterior  or 
prothoracic  bristles  and  of  ^  similar  one  medio  latero  lentrad  on  the  mesothorax 

When  a  laiva  ih  examined  \entralh  it  will  be  seen  that  the  pseudopoda 
oecupY  a  position  relative  to  the  «ix  feet  of  a  coleopterous  or  lepidop- 
terous  larva,  a  piir  on  the  pro  me«o  ami  metathora^  respectively 
Thev  are  located  on  prominent  tumescent  tuhercies  and  are  all  capable 
ot  a  shght  motion  in  conjunction  with  the  pectinate  bnstlei  Tho 
middle  and  posterior  pair  are  the  onh  ones  whith  sliow  ei^'5  of  articu 
lation,  each  pseudopod  being  composed  of  tno  segments  not  only  visibk 
in  the  living  larva  but  also  m  the  exuvia?  and  in  macerated  speLiments 
I  am  thoroughly  convinced  that  these  organs  represent  atrophied  or  degen 
eral*  oigans  of  locomotion  not  only  because  of  their  morphology  but 
also  from  their  function  as  observed  m  the  living  laria  when  it  crawls 
over  vegetation,  or  upon  a  rough  momt  surface  I  do  not  recall  thit 
in\  previous  authoi  has  mentioneS  these  organs  and  I  call  attention  to 
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them  at  this  time  in  order  tc  chcit  i  furthei  disuishion  a&  to  their  origin 
and  posaiblt  significance  1  have  ntted  the  same  organs  m  the  larvie 
of  Worcebtena  grata  Binks  and  in  those  of  certain  other  Culicidffi  I 
hope  to  piestnt  drawings  of  them  m  a  pajier  dtUing  with  the  hfe  his 
tones  of  the  Philippine  mo'.qmtces 

AMomen  (PI  I  fig  3)  —The  first  aegmmt  las  a  pair  of  lateral  ap]  rovimatp 
pectinate  sets  curving  forward  as  on  the  tl  ra-t  ipiitiad  to  this  ib  a  tuft  of 
3  ximple  setff  submediai  on  thp  posterior  area  if  the  lentrum  is  a  tuft  of  3 
short  simple  set-ie  the  seeond  segment  is  as  the  first  except  tl  at  on  the 
sublateral  posterior  area  is  a  tuft  of  3  to  5  palmite  hairs  lat«rad  of  wl  ich 
are  t  short  erpct  sette  in  a  transverse  line  the  third  sefrment  haa  a  single 
lateral  jiectinate  seta  a  palmate  hair  tuft  coraisting  ot  U  to  12  parts  3  short 
aetai  on  a  line  anteriad  of  the  palmate  tuft  and  a  small  tuft  of  simple  setje 
postenad  of  the  pectinate  aeta  in  addition  to  the  ventral  tuft  the  foatlh 
segment  has  a  amall  pe  tmato  aeta  laterad  and  a  subsidiary  tuft  of  S  to  4 
simple  setie  alightlv  postenad  The  palmate  tuft  on  this  segment  contains  14 
hairs  and  antero  laterad  of  this  is  a  simple  erect  seta  four  times  the  length 
of  the  hairs  in  the  tuft  the  fifth  segment  is  similar  to  the  fourth  but  its 
palmate  tuft  contains  only  8  hairs  the  \xth  segment  has  several  pale  scattering 
simple  setfe  on  the  latero  dorsal  area  postenad  Its  palmate  tuft  la  eompoaed 
of  in  to  12  haira  The  seienth  segment  ia  similar  to  the  sMith  the  eighth 
bearmR  the  respiratory  siphonette  IPl  I  fig  6)  has  a  few  scattering  set^e 
laterad  The  mnik  haa  a  quadri  pectln^te  bristle  laterad  near  its  apei  and 
a  series  of  0  very  long  (t«ice  the  lengtl  of  the  segment)  pectinate  hairs 
curving  at  their  tips  and  articulated  on  a  apeciai  moiable  tubercle  (PI  I 
fig  0)  the  whole  serving  the  double  purpose  of  rudder  and  propeller  in  the 
locomotion  of  the  insect  \t  the  extreme  caudal  end  of  this  segment  dorsad 
to  the  anal  aperture  are  4  palmate  brush  like  setje  the  ventral  pair  of  which 
has  coarser  branches  than  the  dorsal  their  number  being  18  (in  9  pairs)  and 
their  extremities  being'  curved  They  are  used  hy  the  inject  for  anchoring  itself 
to  plants  on  the  surface  of  the  water  The  whole  dorsum  of  this  segment  i? 
cciered  by  a  sinf,le  chitinous  sclerite  (Pi  II  fig  5)  from  the  midlle  of  each 
Bide  of  which  projects  a  pair  of  simple   erect  setae 

The  tracheal  gills  (anal  gills)  (PI  I  fig  6)  are  very  short  as  compared 
with  those  of  Culex  and  Vteqomyia  larv»  which  remain  a  I  ng  time  beneath 
the  water  These  gills  lie  immediateH  around  the  anus  and  are  about  twice 
as  long  as  troad 

The  length  of  the  larial  pFr%nd  is  from  nine  to  thirteen  da>s  from  tl  e  hatching 
of  the  egg  to  the  transformation  to  tie  pupa.  During  this  time  the  larva 
molts  five  times,  the  first  stage  being  one  and  one-half  to  two  days,  the  second  two 
to  three,  the  third  two  to  three,  the  fourth  two  to  five  and  the  fifth  two  days. 

The  respiratory  mphonette  (PI.  I,  tigs.  3,  4  and  6|  —This  organ,  situated  on 
the  posterior,  dorsal  area  of  the  eighth  segment,  which  is  obliquely  truncated 
to  receive  it,  is  of  very  peculiar  structure  and  merits  a  detailed  description 
When  open  (PI.  I,  fig.  4)  it  has  the  form  of  an  irregular,  elongated  five-pointed 
star,  the  lobes  of  which  are  rounded.  The  anterior  lobe  is  the  largest  and  lies 
mediad.  It  is  thin,  mica  like  in  appearance,  hinged  at  its  base,  and  has  a 
vitelline,  globular  tubercle  at  the  median  point  of  the  base.  This  vitelline 
tubercle  fits  into  a  socket  when  the  lobe  is  closed  over  the  two  tracheal  apertures, 
each  of  which  lies  a  little  to  one  side  of  the  median  line.  When  the  organ  is 
closed,  the  tno  remaining  anterior  lobes  fit  against  the  respective  posterior 
lobes,   the   latter   doubling   outward   along   their   axes   and   inward   along   their 
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points  of  uninn  with  the  anterior  lobe"  The  four  lateral  lobes  close  before  the 
median  uhich  fits  agamit  the  others  effectually  locking  itself  bj  meana  of  the 
tubertle  and  soiket  and  precluding  the  entrance  of  water  The  entire  structure 
la  refinforced  with  strips  of  ehitin  running  through  \arjoua  parts  aa  ohown  bj 
the  larker  lines  in  the  hgure  On  each  side  of  the  aiphonette  it  a  lateral  comh 
(PI  1  fig  6  and  PI  II  fig  6)  composed  of  fifteen  (eeth  those  ventrad  being 
inngest  and  all  pointei  directh  caudad  The  c  mb  is  surrounded  lentrad 
anteriad  and  dorsad  bv  a  blaok  ehitinous  brace  from  the  dorsal  ousp  uf  which 
projects  a  quadrifid  seta  IPl   I   fig   7)  four  times  the  length  of  the  comb  teeth 

Pupa  |P1  I^  hg  1)  —The  color  of  the  pupa  la  dull  gra^  with  a  ■slightly 
greenah  tmge  The  la  t  ahd  n  inal  segment  is  light  ocher  The  first  ai)dominal 
segment  iB  darker  dorealiy  than  any  aucceeding  one  The  respiratory  sipl  on  is 
daik  grxv  oxternalh  fie  ii  i  er  surf  ire  ?eing  pearly  white  and  striate  The 
e>e-spots  of  the  adult  mosquito  are  plainly  vigible  as  dark  areas  on  the 
antero  lateral  region  of  the  pupal  cephalo  thorax 

The  chtEtotaxy  of  the  pupa  la  aa  follows  the  hairs  and  bristles  of  but  one 
aide  being  giyen  ai  in  the  larya  Submediad  on  the  anterior  margin  of  the 
metathorax  is  1  small  simple  erect  hair  on  tl  e  scutello  ftbdominal  auture  of 
the  first  abdominal  segment  submediad  la  a  shtrt  erect  bifurcate  bristle 
followed  laterad  by  2  aimple  bristles  the  aecond  of  which  la  3  times  as  far  from 
it  as  the  first  subme  had  on  the  middle  of  the  sec  nd  ablominal  segment  is  a 
palmate  tuft  of  hairs  composed  of  about  30  simple  and  bifurcate  branches 
submediad  on  the  (ftird  segment  at  its  middle  is  a  quainfurcate  I  ristle  followed 
laterad  by  a  simple  stout  curbed  bristle  on  the  fourth  segment  is  a  long 
tnfurcate  bristle  submediad  n  the  posterior  margins  of  the  tergite  followed 
laterad  by  two  other  simple  hristles  the  first  of  which  is  anterior  to  the  margin 
the  second  on  the  margin  on  the  fifth  segment  there  is  a  bifurcate  submedian 
hristle  followed  laterad  l>y  a  tnfurcate  bristle  and  antero  laterad  by  a  bifur  ate 
•imaller  one  the  sucih  se^mei  I  has  a  simple  submedian  bristle  linger  than  the 
segment  on  the  posterior  margin  of  the  tergite  followed  laterad  by  a  quadnfur 
cate  bristle  the  seiewfft  and  eiqhtk  haie  bristles  arranged  aimilarly  to  tiose 
on  the  s^ath  except  that  on  the  seif nth  there  is  a  very  small  hair  mediad  of 
the  lot  g  bristle  and  its  lateral  bristle  is  bifurcate  on  the  e  ghih  segment  there 
18  a  tnfurcate  bristle  antenad  of  the  long  simple  bristle  the  ninth  segment 
bears  a  atout  dark  brown  sli{,htlv  curved  bristle  at  the  p<  stertor  lateral  angle 
and  a  aingle   submedian   dorsal  hair  at  the  posterior  margin 

Ventrally  the  fifth  and  itath  segments  haye  a  stout  latere  yentral  Iristle  at 
their  posterior  margina  »hile  on  the  teventh  and  etghth  there  is  a  submedian 
bristle  on  the  poaterior  margin 

The  caudal  fins  or  pinnura  (PI  I\  figs  4  5)  haye  the  central  and  external 
marginal  veins  brown  at  their  base^  while  the  prolongation  f  the  central 
veins  the  nrachasta-  are  long  slender  an!  returied  at  their  apices  forming  a 
I  ok  (Pi  IV  fig  5)  The  external  margma  of  the  pinnura  are  fringed  with 
delicate  hairs  from  the  urachTtie  to  the  apex  of  the  external  yeina 

Length  of  pupal  period- — The  pupal  stage  lasts  from  two  and  one  half  to  three 
daya  according  to  weather  conditions 

Habtta  of  pvptE — The  pupie  as  a  rule  remain  at  the  surface  in  full  sunshine 
but  swim  very  rapidly  to  the  bottom  or  among  or  beneath  the  layers  of  algte  when 
any  object  cornea  near  They  can  remam  submerged  for  from  fifteen  to  forty 
five  second"  hut  uaually  return  to  the  aurface  almost  immediately  Their  pale 
gray  color  makes  them  \ery  difl!icult  to  detect  and  were  they  to  remain  quiet  at 
the  surface  thev  would  be  nell  protected  bi  the  background  of  green  or  light 
gray  of  the  decaying  matted  alga.  No  special  or  notworth>  difference  appears  to 
exist  between  their  position  and  that  of  the  pupce  of  Culea  microannulatua  Theob., 
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with  which  they  are  often  intimately  aasoeiated  A  niaia  of  (onfiregateii  pupi 
will  frequently  contain  individuals  of  both  Bperjes  in  abont  equal  number  and 
the  pupte  of  Mynomyia  are  only  diBtinguishable  by  their  lighter  Lolnr  and  slightly 
amaller  size. 

Myzomyia  ludlowli  Theob. 

Descr  pt  on  of  adult  feaiaU  (PI  V  fig  1)  —Pali  iee]  brown  the  ape\  broadly 
white  banded  anqthe  amall  ba  d  Inne  tn  t  and  a  th  rd  much  lower  down  (PI 
VII  fig  '1  jirobOBC  1  deep  brown  with  d  st  net,  eamy  wh  te  t  p  Tl  orax  fawn 
colored  n  tl  e  m  ddle  dark  1  ro  n  at  the  s  dea  w  tb  a  n  eil  an  and  lateral  dirk 
1  nes  a  d  rved  ha  r  1  ke  pile  scaler  abdomen  brown  w  th  pale  ha  ts  Legl 
mottled  and  sp  tt  d  w  th  yellow  tara  ^p  callj  and  ba^alir  pale  I  mded  W  ng» 
V  th  4  1  rge  costal  spots  a  d  one    r  two  small  ba  ai     nes       ost  of  the  ve  ns  of 

g  area  pile  sialed      (P!   VII  fig   3  ) 

?  Head  pale  broan  tb  a  ow  pal  s  alei  a  1  pale  and  brovn  pright 
forked  ones   a  pile   med  an  t  ft  pr  je  t  nc  forwards    ante  nte  b  has  1  jo  nt 

pale  ferruginous  probosc  a  deep  bro  vn  ape\  rean  v  palp  deep  brown  w  th 
a  broad  crean  ap  eal  band  and  near  it  anotl  er  irro  pale  band  tl  e  re 
ma  nder  d  vided  by  another  nar  ow  pale  band   base  densely  dark  sealed 

Thorax  fawn  colored  n  the  n  Idle  dark  brown  at  the  a  des  v  th  a  n  ed  an 
dark  1  ne  an!  a  narro  v  dark  1  ne  nn  e  oh  de  of  the  pale  area  vith  scanty 
hair  1  ke  c  ed  pale  al^ales  and  t  acee  of  a  dark  spot  before  tbe  ac  teJl  m  nh  el 
s  pale  b  own   n  tb  narrow  ba  r  1  ke  scales     pie  rse  bro  vn   n  ottled  w  tl   gray 

Abdomen  brown  w  th  narrow  cur  ed  ha  r  1  ke  s  ales  and  pale  poster  or 
border  bnatlea 

L  gs  bro  V  th  fen  ora  and  t  b  w  and  n  etatar^  e  pec  ally  n  the  h  nd  lega 
spotted  w  tl  yello  t  r  th  broad  p  nl  and  baaal  pale  band  up  e  pec  all 
on  the  1  nd  legs       n  uea  sn  all    eq  al  and  s  nple 

W  ngs  with  4  large  dark  costal  spota  and  two  small  basal  nes  the  ap  cal 
apot  small  exte  d  ng  evenly  on  to  the  fir  t  Innji  n  tb  b  «  followed  bv  a  pal 
area  nearly  tw  e  as  long  as  (h  bla  k  ap  cal  apot  Tl  e  seco  <i  black  spot  a 
about  the  same  le  gtl  a  tbe  precedi  g  pale  one  and  spreads  evenly  on  to  the 
fir  t  lo  g  ve  n  the  next  pale  area  is  al  ghtl  longer  The  th  rd  black  sp  t  s  the 
largest  and  spreads  nearl  e  enly  on  to  tl  e  i  bcoatal  ve  n  h  le  beneath  t  on 
tbe  fi  at  long  tud  nal  s  a  large  bla  k  I  ne  and  then  a  amalt  pale  area  followed 
b>  a  small  black  p  t  the  black  I  ne  not  beginning  directh  under  the  co  ti!  tpot 
The  fourth  I  lack  sp  t  s  sep  ated  from  the  tl  rd  by  a  e  small  pale  area 
a  d  eite  dn  e  enly  on  to  the  subc  tal  and  first  longit  I  i  al  at  tl  e  base  is 
another  small  bla  k  spot  The  s  ond  Ion"  e  n  haa  lark  i  ales  on  each  a  le 
of  the  c  OSS  vein  and  a  dark  pot  tl  e  upper  bran  h  of  the  fork  cell  nd 
the  apical  coatal  apot  and  another  small  one  near  its  base  the  lower  branch  has 
an  ap  cal  soot  and  a  la  ger  one  ear  ts  has  Tbe  tl  rd  long  ve  n  has  a  black 
ap  al  spot  and  a  da  k  p  tch  on  each  sid  of  the  cross  v  ns  the  fo  rth  s  ma  nly 
dark  on  each  i  de  of  the  rosa  n  and  ha  2  dark  ^{h  t«  on  the  pi  er  brand 
one  near  tl  e  has  and  two  on  tbe  lower  branch  th  fifth  has  a  black  spot  at  ts 
root  3  o  the  upper  branch  and  one  at  the  apex  of  the  lo  ver  b  a  cb  the  s  xth 
las  2  dark  sprts  The  first  submar  nal  cell  a  1  ttle  longer  and  dec  dedlv 
narrower  than  the  second  posterior  cell  ts  base  slightly  nearer  the  apex  of  the 
n  ■>  than  that  of  tl  e  a  con  1  posterior  ell  its  atem  a^  lo  g  as  tbe  cell  stem  of 
the  se  ond  poste      r    o  a  derablv  longer  than  tbe  cell       upern  n  era  v  and  mid 

Tl  8  descr  pt  o  of  the  fen  ale  id  It  I  PI  V  fig  1 )  t  k  n  f  o  n  Theobald 
jtfono  C  Ic  (1903)  3  4"  vl  le  tlat  of  th  ale  j  repared  by  mv«elf  th  s 
sei  hav  ng  ne  er  been  deacr  bed 
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cross-Vtfina  in  one  line,  tiie  posterior  rather  more  than  twice  its  lengtli  distant 
from  tlie  mid,  but  very  variable,  Bometimes  atep-like;   fringed  witli   pale  spots. 

Length, — -4  to  4.8  millimeters. 

Habitat. — Luzon,  Philippine  Islands    (Miss  C.  S.  Ludlow). 

Time  of  capture, — April. 

Observations. — Desoribpd  from  a  number  of  specimens.  A  very  variable  apecies, 
somewhat  like  Rosii  at  first  sighf,  but  easily  told  by  the  spotted  legs  and  much. 
shorter  fork-cells.  The  baie  of  the  first  submarginal  ii  always  slightly  nearer 
the  apex  of  the  wing,  and  the  coatal  spots  differ  slightly,  but  are  to  some  extent 
variable.  The  oroaa-veins  are  moat  unstable.  The  palpi  are  very  aimilar,  but 
the  apical  band  in  Rosaii  is  rather  longer.  T!ie  chief  diiferenee  ia  that  in  Rossii 
the  second  white  band  ta  a  third  of  the  way  down  the  palpi;  in  this  species  it 
is  less,  and  the  black,  intervening  area  is  much  smaller. 

Description  of  adult  mate  (PI.  V,  fig,  2 ) .—Pale -gray,  the  disc  of  the  thorax 
being  lighter  than  other  parts  of  the  body,  the  abdomen  and  pleurie  of  thorax 
darkest.  Head  with  dark-brown,  erert  scales  at  sides  and  white  ones  in  middle 
of  occiput.  Eyes  ruby-red,  witli  curved  bristles  projecting  over  them  anteriad 
from  their  posterior  margins;  frontal  tuft  long,  cristate,  prominent,  antennee 
pale  golden-brown  two  distal  segments  dark  brown;  the  3-jointed  palpi  long, 
slender,  except  the  two  apical  segments  which  are  tumescent  (PI.  VII,  fig.  1), 
with  rounded  apices  and  the  penultimate  having  an  internal  tuft  of  long,  golden 
liairs  at  its  base;  basal  |  of  first  papal  joint  dark-browp,  followed  by  narrow, 
white  band:  apical  g  or  less,  dark-brown  with  a  long,  narrow,  white  spot  covering 
its  middle  third  and  a  transverse,  triangular,  white  spot  at  its  apex.  The  second 
segment  all  white  above,  except  a  narrow,  brown  area  at  its  base,  the  entire  under 
surface  being  brown  also;  the  apical  segment  nearly  all  white,  except  a  very 
narrow  area  of  brown  at  its  base,  the  proboscis  dark-brown,  except  the  tip  which 
is  lighter.  The  palpi  and  proboscis  are  of  the  same  length.  Around  the  lower 
rim  of  the  eyes  ia  a  fringe  of  dark-brown  hairs,  pointing  posteriad. 

The  denuded  thorax  shows  one  median  and  one  submedian,  thin,  dark  line  on 
anterior  },  the  remaining  surface  being  covered  with  a  whitish  pruinescence. 

The  eogt*  of  the  thorax  are  longitudinally  striped  dark  brown  and  gray, 
there  being  approximately  13  or  14  stripes.  The  prothoracic  lobes  are  well  defined 
and  bear  a  tuft  of  dark-brown  sette.  The  acutellum  is  perfectly  nude,  gray  and 
with  a  transverse,  median,  dark  brown  apot ;  the  meanotum  nude,  dark  gray. 
Halters  pale  gray  with  brown  knobs. 

The  abdominal  segments  uniformly  dark  mottled-brown  with  the  entire  surface 
uniformly  decorated  with  fine,  golden  setee.  On  the  eighth  segment  and  the 
harpes  dorsally  the  surface  is  covered  with  white  scales,  in  addition  to  the 
abundant,  golden  nette. 

The  wings  are  as  in  the  female,  except  that  they  are  paler. 

The  legs  are  uniformly  golden  and  brown  mottled,  the  apices  of  the  (ibiee, 
metatarsi  and  tarsi  being  pale,  banded,  especially  the  posterior  tarsi  which  are 
themselves  darker  than  the  remainder  of  the  legs. 

The  first  anterior  tarsal  joint  has  a  double  row  of  short,  stout,  dark  spines  on 
its  entire  lower  surface,  there  being  about  108  in  alternate  succession.  The 
empodium  ia  }  t)ie  length  of  the  fifth  taraal  joi-t,  its  median  seta  making  its 
total  length  J  that  of  the  joint.     There  is  a  small,  blunt  spur  at  its  base. 

The  anterior  tarsal  ungues  (PI.  VIII.  fig.  1)  are  unequal,  the  larger  being 
curved  and  having  a  single  tooth  at  the  middle. 

Length  of  (f  5  millimeters,  length  of  wing  3  millimeters. 

Manila,  P.  I. 

Time  of  breeding,  14  August,  190S. 

Type  d',  Nil.  3744  in  Entomological  Collection.  Bureau  of  Science,  Manila,  P.  I. 
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Only  the  female  of  this  species  has  been  described  previously  by  Theo- 
bald, and  I  find  no  mention  of  the  male  having  been  taken.  All  my  males 
were  obtained  by  breeding.  They  are  about  equally  as  abundant  as  the 
females  in  bred  material. 

I  have  noted  that  when  at  rest,  the  males  fold  their  wings  so  that  the 
coEtal  edges  instead  of  being  parallel,  as  in  the  female,  converge  pos- 
teriorly, giving  the  insect  a  distinctly  tapering  appearance.  This  feature 
will  be  a  sure  guide  to  distinguishing  the  setes  in  living  specimens  when 
they  -are  at  rest,  and  even  when  the  palpi  are  not  readily  visible  or  distm 
guisliable.  The  males  feed  readily  on  banana  and  suck  large  quantities 
of  salt  water,  their  abdomina  often  appearing  almost  transparent  from 
the  amount  taken.  The  structure  of  the  mouth-parts  of  the  male  is  such 
that  it  is  impossible  for  it  to  puneturt  tht  bkin  and  theittcie  it  can  mt 
bite. 


Contrary  to  the  general  rule  and  to  m>  expectations  this  mosquito  's 
essentiallj  a  drv  seai'on  form  that  is  to  aai  it  is  most  prevalent  during 
the  months  from  November  to  June  I  believe  it  to  be  a  strictly  salt 
water  form  delighting  duiing  thL  larval  and  pupal  stages,  m  the  brightest 
sunshine  This  explains  its  comparative  scarcity  m  the  rain\  season 
Its  breeding  grounds  because  of  the  tides  never  dr^  completely  The 
temperature  during  the  dr\  penod  is  ven  fa\orable  to  the  multiplication 
of  several  generations  The  lack  of  hard  iain'5  which  would  beat  the 
surface  of  the  ^vater  m  the  breeding  places  makes  it  possible  for  the 
greatest  number  of  eggs  to  hatch  and  of  lar\ie  to  reach  matuntv  while 
the  adults  hnd  sufiicient  shelter  from  the  sun  which  19  fatal  to  them,  in 
the  dense  tobage  md  along  the  banks  of  their  breeding  places 

If  the  adults  are  disturbed  during  the  bright  sunny  hours  of  the  da\ 
the>  invariably  flv  but  a  short  distance  alighting  m  the  characteristic 
attitude  always  m  the  shade  and  usually  upon  the  underside  of  a  leaf 

These  mosquitoes  are  frequently  found  in  houses  and  their  favorito 
resting  places  are  the  undersides  of  tables  cupboards  beds  m  the  dark 
comers  of  ceilings  or  upon  the  portions  of  dark  clothing  which  are  shaded 
The  females  are  the  ones  mvanablv  encountered  It  appears  that  the 
males  never  leave  the  vicinity  of  their  bceeding  places 

I  hate  observed  that  both  se\es  drink  salt  water  when  the\  are  kept 
in  confinement  usualli  withm  an  hour  attet  their  tmeigng  Irom  the 
pupa 

fopuiodjti— The  gexe«  aie  equall*  active  anij  in  the  late  afternoon  thej  maj 
be  found  copulating  both  in  the  free  ^tate  and  m  eaptnity  The  mode  of  copula 
tion  18  the  >"anie  a«  that  of  Sferjomvia  The  females  which  hang  from  the  leaf 
or  the  gauze  over  the  breeding  jar*  loose  their  hold  with  their  middle  legs  and 
hang  only  by  the  tore  legs  when  approafhed  b*  the  males      The  latter  fli  against 
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tliem  from  the  lentral  side  entangling  their  legs  »it)i  thtse  of  the  female  the 
anterior  pair  being  elasped  around  the  thorax  juat  baek  of  the  neck  and  the 
middle  pair  being  sometimes  apposed  tr  those  of  the  female  sometime'*  entangled 
The  ait  of  copulati  n  then  takes  place  and  maj  last  as  long  as  )0  seconds  the 
male  fljing  awa>  to  another  part  of  the  jar  and  the  female  proceeding  to  preen 
he]  self  after  the  manner  of  house  fliei  One  male  has  been  observed  to  copulate 
nith  four  or  fi\e  females  uithm  ua  many  minuter  None  of  these  mosquitoes 
ha\e  been  observed  doing  ao  uhile  (n  thu  mng  although  it  is  not  unlikelj  that 
this  does  occur 

bgo  lnymij  — The  female  «hen  about  to  laj  her  eggs  ttanders  on  the  mng  just 
aboie  a  place  where  the  alj^  are  partU  out  of  the  uater  She  settles  doun 
after  a  short  time  walking  flomeuhat  rapidlv  o\er  the  surface  trvinf;  dilTereflt 
places  with  the  tip  of  the  abdomen  During  this  latter  process  the  bodj  is  about 
parallel  with  the  surface  of  the  water  while  the  head  and  palpi  are  inclined  down 
ward  This  is  apparenti}  the  onlv  time  in  this  niosquitos  life  as  an  adult  uhen 
her  head  and  proboscis  are  not  in  a  line  with  the  main  aiis  of  the  bod>  \Vhen 
the  ovipositor  encounters  a  small  partiele  either  of  the  algie  or  of  other  materia! 
projecting  a  short  distance  above  the  surface  film  the  female  stops  palpates 
with  the  tip  of  the  bodt  and  almost  immediately  oviposits  going  thus  from 
point  to  point  till  she  has  laid  from  ten  to  twenty  file  eggs,  she  then  stops  for  a 
time  to  preen  her'^elf  and  to  rest  Sometimes  as  manv  as  seien  or  eight  eggs  Bill 
be  laid  in  a  place  As  the  females  which  laid  their  eggs  In  capti\itv  did  so  only 
after  having  been  fed  a  meal  of  blood  I  suppose  that  those  observed  in  nature 
had  also  procured  such  food  although  at  the  time  of  the  observations  their 
bodies  showed  no  signs  of  having  blood  mthin  them  This  may  be  due  to  the 
fact  that  the  (ggs  are  laid  some  five  or  six  da*s  after  the  insect  has  fed  Those 
mosquitoes  which  nere  obsened  laying  in  captiiitv  were  seen  to  have  white 
masses  of  eggs  within  the  abdomen  posteriorly  just  before  they  nere  observed 
to  begin  oiipositing 

Ilahily  of  tJii  fpmale — The  female  is  much  more  actiie  than  the 
male  after  copulation  which  occurs  after  thirtj-six  hours  of  emergence 
Although  she  remains  quiescent  during  the  da^  she  is  ver^  alert  after 
5  o  clock  m  the  afternoon  In  both  sexts  the  position  of  the  hod\  is 
e\en  moie  pronounced  than  that  shown  in  drawings  and  8ketch(«  of 
A.nophelin¥  li\  \ariouh  authors  In  some  instances  individuals  are  seen 
which  have  the  hod\  nearly  at  a  right  ingle  to  the  surface  upon  which 
they  are  at  rest  and  the  postenor  pair  of  legs  is  bent  up  o^er  the  back  so 
that  the  taiai  are  not  very  remote  from  the  dorsum  of  the  thorax  The 
female  when  disturbed  flies  off  ver>  lapidh  m  a  straight  line  and  if 
annoyed  when  m  the  act  of  inserting  hei  proboscis  foi  bitmg  she  almost 
invariably  returns  to  the  same  point  to  renew  the  attack  When  resting 
upon  a  wall  or  other  object  the  females  of  Myzomyta  ludloun  Theob  , 
are  not  difliLult  to  capture  m  very  small  yials,  provided  the  extended 
bind  legs  are  not  touched  These  limbs  are  evidenth  intended  to  serve 
the  same  purpose  as  the  rostral  hairs  of  animals  like  tigers,  cats  or  mice 
The\  aie  kept  m  almost  constant  motion,  sometimes  one  is  elevated 
more  frequently  both  The  males  are  samewhat  more  war\  than  the 
females 
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Blood-S'ucking. — Tlie  females  of  these  mosquitoes  attaiik  readily  in 
the  evening ;  during  the  day  it  is  not  easy  to  pei-suade  them,  even  when 
the  receptacle  containing  them  is  covered  with  a  black  cloth.  When 
one  of  the  insects  settles  upon  a  chosen  spot,  its  palpi  are  immediately 
elevated  and  the  stylets  of  the  proboscis  inserted,  sometimes  to  within 
less  than  a  millimeter  of  their  base.  During  the  process  of  inserting 
the  stylets,  the  female  wriggles  her  palpi  in  a  manner  which  seems  plainly 
to  suggest  the  pleasure  which  the  act  affords.  After  she  has  begun  to 
draw  blood,  the  motion  of  the  palpi  decreases  somewhat,  but  does  not 
entirely  cease  until  she  has  completed  the  meal  and  withdrawn  her 
proboscis. 

An  invariable  habit  of  these  mosquitoes  while  feeding  on  blood  for 
the  first  time  is  that  of  voiding  a  serum-like  liquid  from  the  anus  in  a 
continuous  stream  of  droplets.  This  is  succeeded  by  pure  blood  with  the 
corpuscles  intact.  An  amount  equal  to  that  retained  in  the  body  will 
frequently  be  expelled  in  this  manner  in  five  or  six  minutes  from  the 
time  the  insect  begins  to  bite.  These  dejecta  retain  all  the  microscopic 
appearances  of  uningested  blood,  excepting  that  the  corpuscles  are  fewer 
in  number,  the  greater  part  having  been  retained,  probably  in  the  stomach. 
All  dejecta,  subsequent  to  this  peculiar  one,  are  of  the  normal  flyspeck 
kind,  and  contain  the  usual  waste  products  of  digestion.  It  appears  as 
if  tlie  firit  meal  of  blood  which  the  in'*eet  take«  icts  as  a  very  rapid  cathar 
tic  and  prepares  the  8i«tem  for  tht  digesting  and  aisimilating  of  succeed 
mg  meals  "  TTnfortimatelv  no  observations  were  made  upon  mosquitoes 
fed  previous  to  sucking  blood   on  the  juice  of  bananas 

Suscepitbihiies  and  idtosr/nci acies — Female  mosquitoes  of  this  spe 
(ies  stand  confinement  very  much  better  than  males  tlie  latter  dying 
m  from  two  to  four  dajs  after  emerging,  even  when  abundantly  supplied 
with  food  which  thej  appear  to  enjov  The  females  mai  be  kept  alive 
for  at  least  twenty  three  dajs  b\  feeding  them  on  blood  e\eiy  alternate 
dav  It  has  been  stated  that  unmodified  sunlight  is  fatal  to  the  adult 
mosquito  but  the  males  luccumb  to  huch  conditione  veri  much  more 
rapidly  than  the  females  They  are  m  e\ery  waj  more  fiagile  than  the 
other  SLX  Tht(  ha\e  never  been  seen  to  gorge  themselves  either  with 
]uice  from  upe  bananas,  water  or  sugar  sirap,  as  do  the  females  and 
of  course  they  foixtndy  do  not  suck  blood  This  has  been  thoroughly 
demonstrated  bj  trials  with  more  than  fi\e  hundred  malt  mosquitoes 
under  every  condition  which  could  arise  It  the\  can  be  directed  to  a 
drop  of  blood  placed  on  the  side  of  the  ^g^slI  containing  them  the>  will 
sip  it  up  daintii}  for  a  bhort  time  hut  nevei  icmam  at  it  as  do  the 
fcmiles,  until  the  last  bit  has  been  drawn  up 

■  It  may  be  that  the  saline  character  of  the  blood  gives  it  this  cathartic  effect. 
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MOSQUITOES   AND   MALARIAL   PARASITES. 

The  examination  of  some  Ave  hundred  blood  smears  from  about  fifty 
patients  in  the  "naval  sick  quarters"  at  Olongapo  demonstrated  the 
presence  of  both  tertian  and  festivo-autumnal  parasites,  the  former  com- 
prising about  65  per  cent  of  the  cases,  the  latter  35  per  cent.  In 
no  instance  was  the  parasite  of  the  quartan  infection  positively  identified, 
either  microscopically  or  clinically.  Abundant  material  was  therefore 
continuously  at  hand  for  purposes  of  experimentation,  and  there  was  not 
a  single  case  in  which  any  of  the  men  objected  to  allowing  themselves 
to  be  bitten  a«  many  times  as  I  desired  Many  of  the  men  were  examined 
only  onte,  but  a  number  had  fifty  to  siity  slides  made  from  their  blood 
m  larious  stages  of  the  development  ot  the  parasite  and  several  of  them 
were  bitten  bj  not  fewer  than  twenty-five  to  thirtj  mosquitoes,  this,  of 
course,  including  some  who  were  bitten  as  often  as  twelve  to  fourteen 
times  by  the  same  insect 


Two  methods  were  used  for  obtaining  the  adult  mosquitoes  for  purposes 
of  biting,  one  being  to  construct  a  cage  over  the  breeding  pond  and  to 
take  the  adult  females  during  the  early  morning;  the  other  to  collect 
many  of  the  mature  pupte  at  about  4  o'clock  in  the  afternoon  and  to  wait 
for  the  emergence  of  tiie  insects  on  the  same  evening,  which  in  the  great 
majority  of  cases  took  place  between  6  and  8  o'clock,  although  in  fewer 
instances  the  time  was  retarded  until  the  next  morning.  It  was  found 
that  those  emerging  at  eventide  were  ready  and  willing  to  bite  by  9  or 
9.30  o'clock  at  night,  but  that  those  which  appeared  in  the  early  morning 
seldom  were  ready  to  attack  until  the  succeeding  night  after  6  o'clock. 

As  soon  as  the  adult  mosquitoes  emerged  and  had  dried  sufficiently 
to  be  able  to  take  flight,  they  were  removed  from  the  breeding  receptacle 
directly  into  glass  tubes  16  centimeters  long  and  4  centimeters  in  diameter, 
over  one  end  of  which  were  fastened,  by  means  of  rubber  bands,  pieces  of 
plain  gauze.  Wads  of  absorbent  cotton  were  pressed  into  the  other  ends 
of  the  tubes,  but  not  too  tightly  to  prevent  a  circulation  of  air.  When 
in  the  tube,  the  mosquitoes  generally  rested  upon  the  gauze  and  this  was 
sprinkled  daily  with  water,  which  the  insects  drank  each  time  it  was 
applied.  I  attempted  to  observe  whether  the  insects  would  copulate  in 
the  tubes,  but  have  never  seen  them  do  so,  although  eggs  developed  in  one 
or  two  females,  so  that  fecundation  had  probably  taken  place.  In  placing 
males  and  females  into  the  tubes,  care  was  taken  to  select  only  those 
females  which  had  not  copulated  in  the  breeding  jar.  They  were  care- 
fully watched  during  emergence  and  removed,  in  some  cases,  even  before 
the  integument  had  dried.  None  of  these,  mosquitoes  were  used  for 
breeding  purposes. 
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At  the  beginning  of  the  work  numbers  of  mosquitoes  were  fed  upon 
biood  from  persons  negative  for  the  malaiial  paiasite,  and  I  also  allowed 
several  of  the  insects  to  bite  me  The  raoHqiiitoes  were  dissected  at  inter 
vals  of  from  eighteen  hours  to  several  davs  after  hitmg,  for  the  purpose 
of  becoming  perfectly  familiar  w  ith  the  appearance  of  the  internal  organ'' 
including  the  stomach,  the  thosaric  ca*  ity,  muscles,  and  the  sain  ary  glands 
under  normal  conditions.  After  this  had  been  done  and  the  technique 
thoroughly  outlined,  patients  were  selected  whose  blood  had,  upon  exim 
ination,  shown  the  greatest  number  of  paiasites  ot  the  «sin o-autumnal 
type,  which  was  chosen  because  of  it'<  great  prevalence  among  the  troops 
and  the  presence  in  the  hospital  of  men  who  at  the  time  were  well  infected 
by  the  crescent  forms.  The  tubes  used  to  carry  on  the  work  were  prepared 
so  that  some  contained  a  single  insect,  others  held  six  and  others  twelve ; 
those  with  but  one  being  kept  for  voluntary  cases  who  would  submit  to 
being  bitten  by  the  infected  mosquitoes.  The  otliers  contained  insects 
whicli  were  to  be  allowed  to  bite  malarial  persons  and  then  were  to  be 
placed  in  alcohol  or  dissected  at  various  periods  in  the  development  of  the 
parasites. 

Dissection  of  mosquitoes. — Six  hours  after  the  mosquitoes  had  first 
bitten  the  patient,  the  insects  were  dissected  and,  from  the  blood  within 
the  ventral  reservoir,  smears  were  made  upon  slides,  fixed  and  stained 
with  Wright's  stain  after  the  usual  method.  At  first  some  difficulty  was 
experienced  in  obtaining  a  satisfactory  adhesion  of  this  blood  to  the 
slides.  It  was  found  that  by  either  heating  alone,  or  fixing  with  absolute 
alcohol  and  ether  alone,  the  blood  would  largely  be  removed  when  it 
came  to  staining  the  slide.  Finally,  a  combination  of  the  two  processes 
was  used,  heating  first  and  treating  with  alcohol-ether  afterwards  being 
resorted  to. 

The  crescents  and  ovoids  were  demonstrated  in  the  blood  obtained  as 
above,  but,  unfortunately,  mosquitoes  in  this  stage  were  not  placed  in 
alcohol,  so  that  no  specimens  of  this  part  of  the  phenomenon  were  pre- 
served except  on  the  smears  of  blood  taken  from  the  stomachs  of  the 
insects. 

Mosquitoes  were  dissected  daily  from  the  time  of  the  first  ingestion 
of  blood,  but  nothing  of  interest  was  noted  in  the  unstained  tissues  up 
to  the  day  when  the  swellings  in  the  gastric  mucosa  indicated  the  probable 
growth  of  the  oocysts.  The  fourth  and  fifth  days'  dissection  demonstrated 
a  considerable  enlargement  of  the  oocysts,  which  attained  a  diameter  of 
from  30  to  60  p..  On  the  sixth  and  seventh  days  they  were  for  the  greater 
part  found  as  collapsed  bodies  on  the  ccelular  surface  of  the  stomach  wall. 

Sectioning  of  mosquitoes. — Further  tracing  of  the  parasites  in  any 
but  sectioned  specimens  was  impracticable.  Mosquitoes  were  therefore 
put  into  alcohol  and  sent  to  Manila  for  sectioning,  so  that  all  stages  of  the 
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passage  of  the  parasite'i  to  the  salnarv  glands  might  be  traced  Bv  this 
means  their  prebence  in  all  the  intervening  tissues  between  the  stomach 
and  the  salnarv  glands  wa=i  demonstrated  The  accompanying  photo- 
mitrographb  (PI  I\  figs  Z  d  and  4  and  PI  \)  show  them  also  in  the 
interstices  between  the  mnsite-fibets  of  the  thorax  and  m  the  sativan 
glands  themselves 

ipp'-arance  of  the  sporozo%te>- — Specimens  stamed  with  hfematoxy 
Im-eoem  prepared  according  to  tlie  ordinary  formnla  show  the  normal 
muscular  glandular  and  connective  tissues  stained  red  or  blue  while 
within  the  cell  stiucture  itself  innumerable  extremely  small  gramilea, 
either  globular  or  elongate  appear  measuring  not  more  than  0  75  /t  in 
diameter  and  of  a  dark  brown  color  They  are  not  onh  found  within 
the  cells  of  the  tissue  but  also  as  le  shown  h\  certain  salivary  glands 
examined  adherent  to  the  external  walls  of  the  gland  cells  This  phe 
nomenon  ih  shown  m  Dale  I\    fig  4  at  the  point  marked  'por 


ITpjn  g(  ing  t  01  ngapr  it  was  not  nn  intention  as  it  was  not  my 
hope  to  piocure  lolunteers  who  would  be  willing  to  sulimit  to  being 
bitten  bi  mosquitoes  infected  with  malarial  organisms  «o  that  I  said 
nothing  except  m  a  suggestive  wa\  ts  the  gentlemen  in  charge  of  the 
medical  worl  at  thi-*  station  until  I  had  reached  to  the  stage  of  demon 
stratmg  the  ooc^its  m  the  stomach  wall  of  the  mosquito  Finally  I 
obtained  one  volunteer  the  result  being  ai  follows 

(  ASB  I  lolitnleer  iialaruil  tnfction  —  T  C  B  had  been  in  the  Phihppines 
nearh  tno  years  his  medical  hi8tor>  during  his  six  jears  servit^  in  the  Navy 
gaie  no  indication  of  hiB  e\er  having  liad  malaria  His  statements  were  also 
to  the  effect  that  he  had  never  had  malaria  chills  and  fever  or  anv  illneis  that 
would  point  to  his  haiing  been  infected  Manv  examinations  f  hia  blood  demon 
strated  continuous  absence  of  malarial  parasites 

The  patient  was  first  bitten  bv  a  malaria  infected  mosquito  at  5  p   m   of  June 

1  1907  This  mosquito  did  not  draw  anv  blood  after  having  repeatedly  thrust 
its  proboscis  into  the  patient  a  arms  at  different  points      On  the  morning  of  June 

2  at  S  he  was  again  bitten  bv  the  same  mosquito  and  by  two  others  which  were 
eonhned  together  in  another  tube  At  10  30  on  the  morning  of  June  "i  at  10  30 
a  m  of  June  4  and  at  8  30  a  m  of  June  6  he  was  rebitten  bj  the  same  three 
mosquitoes  thej  having  lad  no  other  alimentation  bevond  that  furnished  by  his 
blood  Every  dav  except  on  June  S  he  showed  a  slight  rise  of  temperature  but 
never  abuve  37  4°  C  On  Tune  0  the  patient  complained  of  malaise  severe  head 
ache  and  chill  which  latter  was  not  veiy  marked  Temperature  at  12  oclock 
3S  3°  C  In  the  evening  the  patient  again  felt  well  and  during  the  next  da;  hie 
temperature  was  praeticallj  normal  On  June  11  the  temperature  rose  to  3S°  C 
the  patient  having  a  alight  ehill  although  he  did  not  he  down  nor  desist  from 
his  routine  work  From  June  II  until  the  tiroe  of  ray  departure  he  had  no 
further  rise  of  temperature  and  no  chill  he  however  continued  his  chart  up 
to  and  including  July  0  It  shows  that  on  June  24  he  had  a  slight  chill  and 
that  on  the  next  day  his  temperature  was  37  i°  not  rimng  again  until  June  28 
when  it  reached  38°  C  and  again  on  July  2  38  2°  C  On  July  I  the  patient 
had  headache  nausea  and  general  listlessness  with  loss  of  appetite  and  frequent 
dizTy  spells      On  Septen  lier  4  he  re[orte]   a«  foil  »s       I   had  a  spell  of  fever 
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commencing  witli  August  S  to  August  U,  T  kept  track  of  my  moining  and 
evening  temperatures  *  >  •  noting  them  down  in  my  *  •  *  journal 
The  afternoon  of  August  3  I  had  a  chill  and  a  temperature  of  38.5°,  then  around 
37.2°  and  38.3°  C.  until  August  6  when  I  had  another  chill  and  a  temperature 
of  39.2°  C,  then  fever  off  and  on  till  the  14th  of  August." 

Eaamirmtion  of  blood  from  the  patient.— On  June  3  three  .slides  were  taken  at 
8  o'clock.     Transparent,  motile  amteboid  bodies  moving  freely  from  one  red  corpus- 
cle to  another  were  observed  in  a  glass  cell.     They  were  evidently  parasites  which 
were  too  debile  to  enter  the  corpuscles      Nothing  waa  noted  on  June  4      On  the 
g    fj        5  tl         fn    b(d  ee         th    hi  od  m      Th  y    pp      ed 

to  th  g  eat  g         Th     CO        ph  1       had     tt     I  ed   I     g         mbe         f 

th  ie  bod       t     th  msel  d        may        t      enth       hd      glfdth  O 

J         6        ta    ed    I  d    t  bl      body       th      th     p    k  w   p  gel     b  t    t     d 

t  float  astt  Oth  gfJ  thfitpot         d 

tfi    t  t       p         t  m  d        It  h  If  g  f  tl  t  t  I 

t  p        It  -w      m  rv    I      1  d  th     t     pp  ee    hij     h  ngi  g 

t     ii  p       Th  1  pi      ly        11       h        t     ed      d  pgm    t  t       Id 

Itbeg  Athid  tk  th  m  gdtedb 

VV    ght     m  thud      ltd  ttedse        Ipast  llhltg  tg       0 

J         flthp         tes  ag        ptldtAedl  I         l>tl2bt 

t        th    13tl      OT         14  p         te  bedthp    segm    t    g    t  g 

d        J         15      d  1    tl  ee  11    tage      p  t    th  t    f  p      eg        t  t 

ivo  autummal  pre  creRcent  ring  nna  founiJ   as  also  on  the 
day  of  taking  the  blood 

A  noteworthy  feature  of  theise  blood  examination'!  was  the  great 
numbers  of  parasites  that  were  meluded  by  the  phagocytes.  Parasites 
which  were  seen  to  atta*-!!  a  red  corpuscle  at  one  moment  would  be 
engulfed  the  next  b>  an  eosmophile,  although  the  phenomenon  of  the 
parasite  entering  the  red  corpuscle  was  frequently  observed. 

It  should  be  borne  in  mind  that  the  patient  was  bitten  by  infected 
mosquitoes  up  to  June  6,  so  that  naturally  his  blood  would  present  an 
increasing  number  of  parasites  in  the  peripheral  circulation  toward 
the  latter  part  of  the  experiment. 


The  woric  on  transmission  performed  upon  the  case  cited  abo\e  was 
m  every  way  of  such  a  positne  tharactor  the  after  effects  so  niaiked  and 
the  previous  history  ot  the  patient  «o  well  ascertamtd  that  there  remains 
no  doubt  m  my  mind  as  to  the  \ahdit\  of  the  test"*  made  However  it 
seems  ver^  desiiable  m  order  to  subject  tl  is  question  to  furti  tr  conribe 
test  thai  a  numbei  of  ulunteers  be  secured  to  undeigo  m  properU  con 
structed  cages  an  isolation  period  followei  bj  inoculation  b^  Myfomym 
tudlottih  Theob  and  as  soon  as  the  season  of  abundance  for  these  mosqui 
toes  returns  I  ehall  carry  out  further  expenments  looking  to  this  end 
The  results  of  the  continue  us  expeiiment  at  Olongapo  hase  been  published 
at  this  time  as  it  may  not  be  possible  to  furnish  further  proof  until  several 
months  have  elapsed,  and  it  was  not  thought  desirable  to  dclav  the 
publication  of  the  work  so  far  done. 
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ILLUSTRATIONS. 


Mnp  of  Olongapo,  Zambales,  showing  United  States  naval  station  and  surrounding 
region  with  breeding  places  where  Myznmyia  ludlovm  Theob.,  wan 
actually  found,  indicated  by  red  cross  lines. 

Pr-ATE   I, 

V\u.   I.  Egg  of  Myxumyia  ladimvii  Thenb.,  t«p  view,  showing  mieropylefl.     1X21). 

2.  Egg  of  Myeomyia  ludlowii  Theob.,  side' view,  showing  large  and  small  nii- 

chambers,     1 X  25. 

3.  Full  grown  larva  of  J/.  ludlowU  Theob.     IX 10. 

4.  Respiratory  aperture  of  siphonette  of  larva,  showing  vitelline  tubercle  in 

center  of  upper  ray  with  the  eorreaponding  socket  near  middle  of  star 
and  tracheal  openings  in  upper  part  on  each  side.     1X40. 

5.  Right  mandible  of  larva,  showing  dentation  '«nd  auxiliarj  bristles  and 

palpuli.     1X240. 
C.  Eighth   and   ninth   abdominal   segments   of   larva,    showing    (A)    anchor 

bristles,  (B)   respiratory  siphonette,  (C)  lateral  comb,  (D)  tubercle  for 

propelling  setae,  (B)  anal  gills,  and  (F)  propelling  aetie. 
7.  Quadrifurcate  seta  from  comb,  the  type  of  numerous  setie  distributed  over 

various  parts  of  the  body  of  the  larva.     1X240. 

Plate  II, 

I'lii.   1.  Head  of  full  jjrown  larva,  showing  cli^ttotaxy  and  innrkings.     IXfiO. 

2.  I.abiiun  of  larva,  with  base  of  clypeus.     1X400. 

3.  Maxilla  of  larva,  showing  external,  multiple  seta  and  palpus.     1X400. 

4.  Ventral  and  lateral  aspects  of  the  labial  plate  of  larva,  the  lateral  aspect 

showing  its  double  laminate  structure.     1X400. 
!).  I>or9al  chitinous  sclerite  of  ninth  abdominal  segment  of  larva,  showing 

paired  anchor  setEC  {the  outer  ones)  and  propulsory  8et«,     1X400. 
G.  Lateral   comb  from   eighth   abdominal   segment   of   larva   with  chitinous 

brace  and  part  of  quadrifurcate  seta.     1X400. 

Plate  III. 

Fin.  1.  Head  and  thorax  of  larva  in  penultimate  stage  showing  great  width  of 
colored,  basal  band  on  head.     IXfiO. 

2.  Dorsal  aspect  of  thorax  of  full  grown  larva,  showing ^cbsetotaxy.     1X60. 

3.  Ventral  view  of  thorax,  shoHing  pseudopoda  and  chietotaxy.     1X60. 
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Plate  TV, 

3.   1    ]jiter*I    aspect    <f    pupa     ■ihfHing   cha^t  tav\    and    reipiratory    siphons. 
1X12 
2    Lateral  aspect  of  respiratory   siphon      1X25 
f    Dorsal  aspeit  of  respiratorj  siphon   (1V25),  showing  opening  lined  with 

short   fine  hairs  which  preclude  entrance  of  water 
i   Dorsal  aspect  of  abdomen  of  pupa   showing  second  to  ninth  segmenti  and 
pinnura'  or  caudal  flns      1X12 

5  Pinnma  or  caudal  fin,  shfwing  form  and  position  of  urochoeta      1X25. 

6  Perspeetne  of  abdomen  of  adult  female  mosquito   showing  ovipositor  and 

ihitinous  selentes  which  compose  the  ninth  segment      1X60 

7  Peispective  of  abdomen  of  adult  male  mosquito  showing  harper  and  hairs 

together  with  scienter  which  compotie  the  ninth  segment      1X00. 

8  Arrangement  of  supernumerary  and  cross  veins  in  wing  of  m^le.     (1X150) ; 

I    ■^upirnumeron       II    Mid  troaa  lein       III    Posterioi  cross  vein. 
<t    Amnf^ement    .f  suj  einumprir(   and  cross  ipins  in  female      IXl-10. 

Platf  V 

1.   1     \dult  female  of  Vj/zomyia  ludlov/ti  Thei  b      IXS 
2    \dult  male  of   WwTOmi/jo  tudloini  Theob      1X8 

Plate  VI. 

i.  1  4diilt  male  of  \fysomyia  ludlmcn  Theob  Note  position  of  ilaspers  which 
IS  characteristic  This  photomicn^aph,  as  also  the  following  is  made 
from  a  balsam  preparation  of  a  specimen  treated  with  ■>  per  cent  pot<ia 
stum  hydroxide 
2  Adult  female  of  same  ^ote  the  extiinitd  spermatheea  beiow  the  inipoi 
itor  This  organ  lies  noimally  within  the  eighth  ^eRment  The  sou 
telium  appears  in  profile  is  a  knot  d(  the  base  r f  tlie  right  wing 

Plate  ^ II 

1.  1  ^^e^•  antenna'  palpi  and  probo'^cis  of  male  l/i/jomw'o  Ivdlowii  Theob 
Note  the  construction  at  the  middle  of  the  lecond  palpal  segment  rej. 
resenting  ankylosis  of  two  segments 

2  Ihe  same  of  the  female    showing  the  laneet   and   other  punetorial   set  i 

remcied  from  the  proboscis  or  labium 

3  Wing  of  Mytomyia  tUdlOKti  Theob    showing  spots  (female) 

4  Wing  showing  arrangement  of  cross  veins  in  the  female 

5  Ihree   ultimate   abdominal   segments  of   female  showing  spermatheea    in 

position 
0    Eighth  abdominal  segment  showing  eirci  like  o\iponitor  with  sqinmation 


FlO.  1.  Ungues  of  forefoot  of  male. 

2.  Ungues  of  forefoot  of  female. 

3.  Ungues  of  middle  foot  of  mala. 

4.  Ungues  of  middle  foot  of  female. 
6.  Ungues  of  hind-foot  of  male. 

6.  Ungues  of  hind-foot  of  female. 
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ILLUSTRATIONS.  5^0 

Plate  IX. 

Via.  1.  Genitalia  of  male  of  MyzomyUt  ludloioii  Theob, 

2.  Section  of  thorax  of  infected  moBquito,  showing  group  of  aporozoltes  of 

malaria  at  A.     IXIfiOO. 

3.  Section  of   thorax  of  mosquito   in  vicinity   of   salivary  glands,   showing 

migratory  sporozoltes.     1  X  1600. 

4.  The  lottes  of  salivary  glands  of  mosquito  with  sporozoltes  thickly  congre- 

gated around  the  upper  one  of  them  at  spot.     IX  lOOO. 

Plate  X. 

FiO.   1.  Section  of  salivai'y  duct  of  mosquito,  showing  agglomeration  of  malarial 
parasites   with    meganncleated   cells    in    upper    right.     Best   group    of 
parasites  at  A.     1X1800. 
2.  Section   of  thorax   of  mosquito,   showing  sporozoltes   migrating   through 
intermuscular  spaces.     1  X  IfiOO. 

PUTE  XT. 
Clinical  chart  of  J.  C.  B.,  upon  whom  experiments  in  inoculation  with  malarial 
parasites  were  performed. 
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A  PRELIMINARY  REPORT  UPON  THE  SPECIFIC  IDENTITY 

OF    THE    CESTODE    PARASITES    OF    MAN    IN    THE 

PHILIPPINE  ISLANDS  WITH  A  DESCRIPTION 

OF  A  NEW  SPECIES  OF  T^NIA. 


By  PhiUp  E.  Garribon.' 
gical  Laboratory,  Bureau  of  Soienoe,  Manila,  P.  I.) 


The  present  paper  embodies  the  results  of  careful  detemii native  work 
upon  such  cestode  material  as  has  been  collected  for  the  Helminthological 
Collection  of  the  Philippine  Bureau  of  Science  and  is  intended  as  the 
first  of  three  or  four  papers,  to  appear  as  soon  as  the  specimens  in  other 
groups  can  be  properly  worked  over. 

It  is  my  purpose  to  endeavor  to  present  in  a  systematic  way  some 
definite  knowledge  with  regard  to  the  specific  identity  of  the  more 
common  animal  parasites  of  man  in. the  Philippine  Islands.  While  the 
primary  object  of  these  publications  is  to  clear  the  field  for  future  work 
in  the  localities  in  question,  rather  than  to  present  new  helminthological 
findings,'  they  naturally  will  include  the  description  of  forms  coming  to 
my  attention  in  this  preliminary  work  which  seem  to  justify  the  establish- 
ment of  new  species  or  other  systematic  groups. 

Our  present  knowledge  of  Philippine  helminthology  has  been  derived 
from  a  few  determinations  made  by  professional  zoologists  upon  material 
received  from  the  Islands,  from  the  reports  of  infections  in  Americans 
recently  returned  from  a  more  or  less  prolonged  residence  in  the  Philip- 
pines, and  from  the  work  of  resident  medical  scientists.  While  the 
information  supplied  by  these  sources  has  in  many  eases  been  lacking  in 
the  positive  and  precise  identification  of  the  parasites  reported,  it  has 
established  with  reasonable  certainty  the  presence  in  the  Philippines  of 
several  forms  already  known  in  other  parts  of  the  world  and  has  included 
the  description  of  two  new  species  of  human  entozoa,  besides  contributing 
considerable  knowledge  concerning  the  general  prevalence  of  animal 
parasites  in  the  Islands. 

A  summary  of  any  resulte  already  published  will  be  given  in  the  con- 
sideration of  each  genus  and  species  reported. 
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Tlie  greater  part  of  the  material  forming  tho  basis  of  the  present  study 
has  been  collected  from  native  prisoners  in  Bilibid  Prison,  a  large  propor- 
tion of  whom  were  examined  and  treated  in  quarantine  immediately  upon 
their  arrival  from  various  provinces  scattered  throughout  the  Islands. 
Numerous  other  specimens  have  been  received  from  patients  in  the 
private  practice  of  physicians  and  in  the  hospitals  of  Manila. 

The  present  reports  deal  simply  with  the  identification  of  specimens 
collected  and  they  do  not  undertake  to  consider  the  proportion  of  persons 
infected  to  those  examined ;  therefore  they  can  not  properly  be  taken 
as  an  index  to  the  frequency  of  infection  in_the  population.  However, 
considering  that  from  3,000  to  4,000  persons  gathered  from  widely  scat- 
tered localities  have  been  examined,  for  animal  parasites  at  Bilibid 
during  the  current  year,  and  that  specimens  have  been  received  from 
various  classes  and  conditions  of  social  life,  it  would  seem  fairly  probable 
that  our  Helminthological  Collection  at  present  contains  representatives 
of  most  of  the  species  of  the  parasites  of  man  which  are  generally  prevalent 
in  the  Islands,  and  fiirtliermore  that,  with  certain  exceptions  which  will 
be  noted  in  the  te\t  of  thja  md  the  following  papers,  the  collection  may 
be  accepted  tentatively  as  a  rough  indication  of  the  relative  prevalence 
of  the  different  speiies  ° 

CEsroii*. 

The  relatne  mtreqULnt^  ot  cestode  mtettions  compared  to  intection 
with  the  common  nematode,  and  on  the  other  hand  the  greater  fami! 
larity  with  tapeworms  and  their  rolatue  innocuousness  compared  with 
trematodes  ire  probabh  responsible  for  the  fact  that  while  valuable 
contributions  have  been  made  to  the  stud^  of  the  Neniaioda  Trptna 
liida  and  the  Piotozoa  of  tlie  Philippines  the  Cfistoda  haie  been  almost 
entirely  neglected 

So  far  as  we  have  been  able  to  dncover  the  following  are  the  onlj 
published  references  to  cestode  infections  m  the  Philippine* 

strong '  ItOl  reporting  the  results  of  1  793  stool  e-vaminations  and  388 
necropsies  states  that  only  t«o  adult  Tania  had  been  found  but  that  both 
T  wgmata  and  T  sohum  are  present  in  the  Inlands  the  former  spetie^  hemg 
moat  frequentiv  seen  in  Ameriean  troops  the  latter  ofcasonally  occurring  among 
the  natives 

In  the  annual  reports  of  the  bupenntendent  of  boiernment  Liboratories  of 
the   Philippine   Bureau   of   Science   for   the   years    1902   to    1903    inclusive*   in 

'  I  wish  to  acknowledge  my  indebtedness  to  Dr.  Edwin  C.  Shattuck,  resident 
phyaician  of  Bilibid  Prison,  for  numerous  specimens  placed  at  my  disposal  and 
deposited  in  the  Bureau  of  Science  Helminthological  Collection. 

'Circulars  on  Tropical  Diseases,  Manila   (1901),  1,  15. 

'An.  Rep.  of  the  Superintentient  of  Government  Laboratories,  Report  of  the 
Biolt^ical  Laboratory,  Manila  (190Z),  569;  (1903),  413;  (1904),  443;  (1905), 
357. 
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which  Dr.  Strong.  Director  of  the  Biological  Laboratory,  includes  the  results  of 
over  6.000  microscopic  examinations  of  faeces,  only  five  ceatode  in/ectiona  are 
reported,  all  with  the  genus  r<Enio,  species  not  noted.  Hallock,'  at  Fort  Porter, 
BulTaln,  N.  Y.,  reported  two  infections  with  Hymenoiepis  nana  in  American 
soldiers  recentl;  returned  from  the  Philippinen.  Stiles  and  Garrison,*  at  the 
Government  Hospital  for  the  Insane,  District  of  Columbia,  found  no  cestode 
infections  in  mailing  microscopic  examinations  of  the  stools  of  115  American 
soldiers  who  had  returned  from  Philippine  service.  In  1906.  Poster'  reported 
two  infections  with  H ymenulepis  nana  in  American  soldiers  on  duty  near  Manila. 

During  the  past  nine  months  there  have  come  to  our  attention  about 
fifty  intestinal  infections  with  cestodes,  representing  three  genera  and 
five  species. 


Of  the  fifty  cestode  infections  about  forty  were  with  worms  of  the 
genus  Ttsnia.  Specific  diagnosis  from  the  ova  alone  waa  not  attempted. 
Thirty-one  specimens  of  adult  Tania  have  been  deposited  in  the  collec- 
tion. 

The  cases  given  in  the  annual  reports  of  the  Superintendent  of  Govern- 
ment Laboratories  and  the  statement  given  by  Strong  in  1901,  above 
noted,  appear  to  he  the  only  mention,  at  least  within  recent  years,  of  the 
presence  of  this  genus  in  the  Philippines. 

Tania  saginaia  Greze,  1782.  Twenty-six  of  the  thirty-one  Tmnia 
specimens  are  T<enia  saginaia,  twenty-two  being  from  native  Filipinos; 
fourteen  possess  the  scolex  and  strobila  entire,  while  twelve  were  deter- 
mined from  the  strobila  alone.  Two  other  specimens  which  were  received 
probably  belong  to  this  species,  but  owing  to  poor  preservation  the 
characters  could  not  clearly  be  made  out  and  the  identity  is  considered 
doubtful.  One  wonn  in  the  recent  state  presented  a  fairly  distinct 
post-suctoEJal  ridge  around  the  scolex,  resembling  that  described  for 
Tania  hominis  Linatow,  1903.  Further  examination  failed  to  reveal 
any  other  characters  described,  for  that  species  and  seemed  to  establish 
the  apecimen'a  identity  with  T.  saginata.  In  all  cases  presenting  any 
peculiarities  which  might  throw  doubt  upon  the  determination,  the 
specimens  were  studied  in  stained  sections  in  comparison  with  material 
of  known  identity, 

Twnia  phiKppina  ap.  nov.  The  eatablishment  of  this  species  is  pro- 
posed upon  a  single  specimen  obtained  in  1905  by  Mr.  Hare  of  the  Bureau 
of  Science,  from  a  prisoner  in  Bilibid  Prison  and  placed  in  the  miweum 
of  the  Bureau  of  Science  without  determination.  For  specific  diagnosis 
and  de'scription  of  type  specimen,  see  pp.  542-550,  figs.  1-17. 

"J.  Am.  Med.  Ase.   (1904),  42,  891. 

»BhH.  Hyg.  Lab.,  V.  8.  Pub.  Health  d  JUar.-Bosp.  Serv.,  Wash.  (1906),  No,  28, 
50,  51. 

V.  Am.  Med.  Ass.    |1906),  47,  695,  686, 
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Twniii  solium  Linnaeus,  1758.  Two  specimens  of  the  pork  tapeworm 
were  obtained  from  native  prisonere  in  Billbid  Although  the  acolex 
was  abient  from  each  sptcimen  the  size  of  the  strobila  the  massive 
uterine  branchus  not  more  than  fifteen  in  number  the  third  ovarian 
lobe  cut  off  by  the  vagina  and  the  absence  of  extreme  lengthening  of 
the  terminal  segments  seemed  to  render  the  diagnosis  reasonably  certain. 

Ihe  proportion  of  the  number  of  specimens  of  To'tiia  lagmata  (26) 
to  the  number  of  specimens  of  Tcenia  iohum  (2)  here  reported  would 
seem  ta  indicate  with  fair  probability  that  the  former  is  the  much  more 
prevalent  of  tht  tno  species  however  furthei  work  i'*  necessary  before 
the  relative  frequency  of  infection  b)  the&e  two  speciet  <.an  le  established 
with  even  approximate  aeenrarv  ^ 


Five  infections  with  this  genus  have  come  to  our  attention,  one  in  a 
native  child  under  the  professional  care  of  Surgeon  D.  N.  Carpenter, 
United  States  Navy,  at  Cavite,  and  four  in  adult  males  at  Bilibid  Prison, 
one  of  whom  was  Chinese  and  the  others  native.  Parasites  were  recov- 
ered from  two  of  the  latter  eases  after  treatment.  Speciiic  diagnosis 
of  the  child's  infection  was  made,  it  is  believed,  with  fair  certainty,  from 
the  ova.  .  • 

Ilymenolepis  nana  (Siebold,  1858)  Blanchard,  1891.  One  undamaged 
specimen  of  this  species  was  taken  from  one  of  the  Bilibid  prisoners. 
The  size  of  the  ova  obtained  from  Dr.  Carpenter's  case  (from  40  by 
35  ft  to  57  by  43  /»,  outer  shell)  and  the  absence  of  a  granular  layer 
between  the  outer  and  inner  shells  seemed  fairly  safe  evidence  that  the 
infection  was  with  E.  nana  rather  than  with  H.  diminuta.  A  careful 
study  of  the  ova  was  not  made  in  two  of  the  infections  with  Hymcnole- 
pis  and  worms  could  not  be  secured. 

It  must  be  borne  in  mind  in  forming  a  judgment  from  the  cases  here 
reported  regarding  the  frequency  of  infection  with  the  dwarf  tapeworm 
in  the  Islands,  that  in  other  countries  Tlympnohpis  nana  has  appeared 
to  show  a  marked  tendency  to  infect  children  more  frequently  than 
adults "  and  that  our  work  has  been  almost  exclusively  with  the  latter. 

'The  results  of  meat  inspection  in  Manila  by  the  Bureau  of  Agrioulture  show 
a  m«eh  Higher  percentage  of  ejstioercosis  in  hogs  than  in  cattle  and  I  was  led 
to  expect  a  correspondingly  greater  prevaltnee  of  the  pork  tapeworm.  However, 
I  have  been  informed  by  Dr.  Moberly,  chief  veterinarian,  that  most  of  the  animals 
slaughtered  in  Manila  are  imported,  nearly  all  of  the  native  hogs  and  cattle 
being  killed  in  the  provinces,  where  meat  inspection  has  not  yet  been  cstftbliahed. 
The  results  of  inspection,  therefore,  are  not  indicative  of  the  relative  prevalence 
of  Cysiicervas  celluUitae  and  of  O.  bovis  in  native  animals. 

•Cima,  Francesco:  Pedialria  Sapoli  (1893),  1,  39;  Ibid.  |1S96),  4,  303; 
Eansom,  Brayton  H.i  Bull.  Byg.  Lab.,  U.  S.  Fvb.  Health  d  Mar.-Hosp..iServ., 
Wash,  (11»04),  No.  18,  61;  Stiles,  Ch.  Wardell,  and  Garrison.  Philip  E.:  Ibid. 
(1908),  No.  24,  24. 
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Hallock's  two  iafections  with  Hj/me.nolepis  nana  m  American  soldiers 
recently  returned  from  service  in  the  Philippines  and  the  two  cases  of 
American  soldiers  serving  in  the  Philippines  reported  by  Foster  (see 
page  539)  are,  so  far  as  we  are  aware,  the  only  publiahed  reports  for 
this  species  in  the  Islands.  Through  very  indirect  channels  we  have 
heard  of  one  nnpnblished  case  found  by  a  medical  officer  of  the  United 
States  Army  in  one  of  the  southern  islands.  Further,  Dr.  W.  B.  Musgrave 
informs  us  that  he  has  noticed  the  ova  several  times  in  making  fcecal 
examinations  of  natives  and  Americans  during  the  past  few  years. 

Hymenolepis  diminuta  (Hudolphi,  1819)  Blanchard,  1891.  A  stool 
from  a  Chinese  prisoner  at  Bilibid  was  brought  to  us  with  the  diagnosis 
of  Hymenolepis  nana.  However,  the  ova  were  very  large,  and  for- 
tunately all  doubts  regarding  the  specific  identity  of  the  parasites  were 
removed  by  finding  in  the  specimen  from  ten  to  twelve  adult  worms, 
from  3  to  6  centimeters  in  length,  with  a  rudimentary,  unarmed  roatellum. 
These,  upon  further  study  of  stained  specimens,  gave  all  the  characters 
of  Hymenolepis  dtmtnuta 

Unless  cases  ha\e  been  pubhi^hed  t>o  recently  to  have  come  to  our 
attention  m  Manila,  this  is  the  thirteenth  infection  with  Hymfnolepts 
diminuta  reported  for  man  Unfortunately  the  prisoner  was  discharged 
the  day  the  specimens  were  parsed  and  no  history  waa  seuured  There- 
fore it  must  remain  an  open  question  whether  the  infection  was  im- 
ported or  contracted  m  the  Islands  There  are  tvio  other  specimens 
of  this  species  m  the  Bureau  of  Science  Collection  which  were  obtained 
from  rats  m  Manila 


No  infettioni  m  mm  mth  parasites  of  this  genus  have  been  found 
It  is  mtntioned  in  this  connecliion  because  of  the  strong  probability  that 
it  IS  present  among  the  natives  and  because  of  the  published  opinion 
of  at  least  one  prominent  helmmthologist  ^"  that  it  ma>  be  found  to 
be  an  important  parasite  m  the  Philippmei  This  expressed  probability 
IS  based  upon  the  greit  importance  of  fish  m  the  diet  of  the  natives, 
upon  the  proximit>  of  Japan  where  D  lafus  has  been  found  m  man 
md  upon  the  further  fact  that  the  presence  m  the  Islands  of  at  least 
one  representative  of  DtboHinotephalu^  hab  been  established  recently  by 
finding  m  the  intestine  of  a  domestic  cat  a  worm  of  this  genus  which 
do'^elv  re'iembles,  if  it  is  not  identical  with  D  latui  in  its  speciiic 
characters 


Diplogonoporus  grandis  (Blanchard,  1894)  Luehe,  1899,  the  double- 
pored,  Japanese  tapeworm,  has  also  been  mentioned  as  a  possible  Phil- 
ippine parasite  upon  much  the  same  grounds  as  Dibothriocepkalus. 
Up  to  the  present  time  it  has  not  been  observed. 

'•Stiles,  Ch.  Wardell:   Hid.   (1906),  No.  25,  9. 
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No  human  Jofections  with  !ana!  Lestoiles  ]ia\e  bten  found  Strong" 
reports  two  human  mfectmns  with  lanal  Erhtno  orcus  and  upon  inqoirv 
we  ha\e  learned  of  two  or  three  ca«t;«  of  iMsticeiLOsih  and  of  at  least  one 
other  of  eLhinof-oci-iis  infection  occuinng  in  Man  la  withm  a  few  \ear'* 
These  verbal  report'!  are  all  more  or  Iei&  indefinite  and  no  specimtns 
appear  to  have  been  preserved 

Two  specimens  of  p^rk  infected  with  Cyhfiiu^  cfUuloia  haie  been 
leceived  and  thi   parasite  appears  to  be  rather  common  among  the  natue 
hogs      The  collection  of  the  Bureau  of  Sciente  also  tontami  two  spen 
men"  of  adult  Echmococtu^^    obtained  from  native  dogs 
Taenia  phMlpplna  sp   nov 

Specific  diaqbosis- — Tania  (Tania  ftwneAua)  fetrobila  80  to  100  centimettrs 
in  length  1  centimeter  in  niaximiim  hreadth  composed  of  about  800  proglottides 
Head  cuboid  I  to  1  5  millimeters  in  diameter  suckers  0  35  by  0  40  inillinieter 
their  lumena  cylindrical  to  conical  directed  forward  and  outward  0  22  to  0  26 
millimeter  deep  b}  0  19  to  0  21  millimeter  broad  at  tbeir  baites  Neck  H^mented 
ite  minimum  tran<<rerse  diameter  0  70  millimeter  at  about  the  iSth  negment  and 
about  3  raillimeters  from  porterior  border  of  head  Setua]  maturit}  first  prenent 
at  from  15  to  18  centimeterH  from  anterior  pxtremitv  and  in  about  the  470th 
segment  Sexuallj  matuie  proglottides  4  to  5  millimeters  transterselv  by  Ofl 
to  1  millimeter  1  ngitudinally  by  from  1  to  1  3  millimeters  dorso  t  entralh 
genital  pore  ver>  slightly  posterior  to  middle  of  lateral  margin  cloaca  0  32  milli 
meter  deep  cirrus  distinct  0  I  millimeter  long  by  0  0)  millimeter  broad  cirrus 
pouch  0  39  millimeter  long  bj  0  10  millimeter  broad  las  deferens  forms  loop 
within  cirnia  pouch  is  without  vesitula  seminalis  and  ends  in  a  dilated 
extiemit>  before  reaching  median  line  testicles  0  13  to  0  16  millimeter  lung  by 
0  06  to  0  08  millimeter  in  tlieir  tians\erse  diameters  \agina  withrut  set«e  and 
forms  two  spiral  coils  between  cloaca  and  excretory  canal  vitellogen  ^land 
greatly  elongated  transversely  lies  close  against  transverse  canal  fill inj,  posterior 
one  tenth  of  medullary  space  in  median  line  its  extremities  attenuated  and  ex 
tending  laterally  two  thirds  the  distance  from  median  line  to  excretory  canals 
ovaries  composed  of  tn  unequal  transversely  elongated  lobes  which  he  close 
against  the  \itellogen  gland  puateriorly  and  extend  laterally  through  three  fouiths 
the  distance  from  median  line  to  excretory  canals  the  smaller  lobe  proximal 
to  pore  of  segment  is  boundei  internally  by  ihe  median  line  and  anteriorly  bv 
the  vagina  the  larger  distal  lobe  extends  anteriorly  to  trans^erse  ]lane  passed 
through  genital  pore  its  anteri  r  third  projectiig  across  the  median  line 
overlapping  anteriorly  the  median  extremitj  of  the  opposite  Jobe  and  filling  the 
spate  betneen  the  two  limbs  of  the  posterior  \  shaped  portion  of  the  uterus 
the  uterine  stem  presents  a  V  shaped  course  in  the  p  sterioi  half  of  the 
segment  with  its  apex  to  the  pore  side  of  segment    its  pisterior  extreinitv  hmg 

"  Circulars  on  Tropical  Diseases   (1001),   1,  22. 

" Eohiruicoccus  granulosus  (Batsch,  1786)  Rudolphi,  1805  —  Twnia  echinococcus 
Siebold,  18S3.  (See  Stiles,  Ch.  Wardell,  Bull.  Byg.  Lab.,  U.  8.  Pub.  Health  & 
Mar.-Hoip.  Serv.,  Wash,   (1906),  No.  25,  75  et  seq. 
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m  the  median  line  between  the  ovarian  lobe«  ita  anterior  tiiiib  tuminK  directly 
tephalad  in  tbe  median  line  at  about  the  center  of  the  segment  ani  presentinit 
in  the  anterior  half  of  the  wgment  a  spiral  formation  consisting  of  from  four  to 
SIX  distinrt  eloiely  wound  coils  In  the  graiid  segment  the  uterus  presents  an 
e"(ceedingtj  compact  formation  conBi-fting  of  a  median  stem  and  numerous  long 
slender  diohotomous  branches  sepanted  bj  thin  partitions  and  frequently 
overlapping  one  another  dorsoientrally  Terminal  segitienta  equilateral  or 
slightly  longer  than  broad  measuring  from  6  to  8  millimeters  in  longitudinal 
and  transverse  diameters  and  3  millimetera  dorso- ventral ly  Embryophore  oval 
35  to  41  (t  long  b>  26  to  35  m  broad 

Ctsticebcus  unknown 

Type  host — Homo  saptens 

Type,  locality —Manila  P  I 

Type  spfcimen— No  140  Helmintbolonical  Collection  Bureau  of  Science, 
Manila    P    I 


Length  S2  8  centimeters  transverse  and  dorso  leiitral  liameterf  respeetii ely ; 
of  head  15  millimeters  bi  0  75  millimeter  of  neck  0  "3  bi  0  24  millimeter; 
of  mature  proglottides  10  by  1  3  millimeters  of  terminal  proglottides  6  to  8 
bv  3  millimetcTB  Indentations  of  lateral  margins  suggesting  segmentation  are 
present  close  behind  suckers  distinct  segmentation  appears  1  millimeter  behind 
•muckers  greatest  (onstriction  of  neck  3  5  millimeters  behind  sutkers  (Figs. 
2  to  4  )  Transverse  diameters  of  segments  greater  than  longitudinal  diameters 
except  in  terminal  proglottiies  which  are  equilateral  or  slightly  longer  than  broad. 
(Figs  1  18  )  Genital  pores  prominent  and  slightlj  hehind  middle  of  lateral 
margins  of  segments  (Figs  1  16  to  !8  )  Surfaces  and  margins  of  segments 
extend  postenoih  in  an  e1onf,ated  ciiiT  like  projection  overlapping  the  succeeding 
segment  and  are  indented  bv  transverse  infoliings  of  the  cuticle  which  appear  to 
he  formed  in  part  and  perhaps  viholH  hj  longitudinal  contraction  of  the 
specimen      (Tigs    1    'i  to  "  )      Calcareous  corpuscles  absent 

Heail — Transverse  diameter  1  5  millimeters  dorso  ventral  diameter  0.75 
millimeter  the  lesser  dorso  ventral  diameter  appearing  to  be  due  to  flattening 
bv  coier  glass  pressure  Other  dimensions  as  follows  From  tip  of  head  to 
plane  passed  through  anterior  borders  of  suckers  015  millimeter  to  posterior 
iKirder  of  suckers  0  64  millimeter  approMmate  longitudinal  diameter  t  head, 
1  millimeter  Kostellum  (tg  3)  without  hooks  and  retracted  completely  within 
head  its  musculature  globular  0  16  millimeter  in  longitudinal  by  0  112  millimeter 
m  cransverse  diameter  slight  depression  at  tip  marks  opening  of  lumen  of  minute 
apical  sucker.  Suckers  (figs.  2  and  3)  well  embedded  in  musculature  of  head 
at  its  dorso-  and  ventro-lateral  borders  with  the  longitudinal  axis  of  their  lumena 
directed  forward  and  outward;  transverse  diameter,  0.34  to  0.37  millimeter; 
longitudinal  diameter,  0.37  to  0.4  millimeter;  lumena  cylindrical  to' conical, 
0.224  to  0.260  millimeter  deep  by  0.19  to  0.21  millimeter  broad  at  their  bases. 

Nervous  system. — Situated  0.8  millimeter  from  anterior  extremity  of  the  head 
and  0.15  millimeter  behind  plane  passed  through  posterior  border  of  suckers,  a 
large  cavity  (0.26  by  0.20  millimeter}  incloses  what  appears  to  be  a  contracted, 
globular  nerve  ganglion  (0.16  by  0.11  millimeter).  (Fig.  3.)  The  nerve  trunks 
proceed  posteriorly  in  a  straight  course,  at  first  dorsolateral  and  later  directly 
lateral  of  ventral  excretory  canals;  concomitant  dorsal  and  ventral  fasciculi  not 
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apparent     lateral  nent  trunks  rather  Lr«acentic  on  truss  aeLtii  n  an  i   mpaaure 
0  025  millimeter  transverselj  bi   0  150  dorso- ventral h   m  mature  Begmeiits  ' 

EncTetory  system — The  ventral  excretorv  canala  pa^s  in  a  straight  eourse  from 
the  head  through  the  lateral  borders  of  the  strobila,  at  tirst  ventrad  to  and  lattr 
direttlv  111  the  median  saggital  plane  Thev  attain  their  maximum  diameter  m 
the  first  gravid  proglotfide«"  10  35  to  0  40  miilimeter  in  median  transverse  plane) 
and  present  a  wide  dilation  (0  45  to  0  85  millimeter  longitudinal Iv  bs  0  80  to  0  40 
irilhmeter  "ranai eraely  and  dorso  ventral H  )  at  each  segmental  junction  (Figs 
7  8  16  17  )  The  tranaier^e  canals  decieaae  in  size  us  they  pass  inward  from 
the  dilated  portinns  of  the  ventral  canals  are  oial  or  diamond  shaped  on  ercisa 
s-ction  (figs  6  10)  and  are  'Situated  at  the  eitreme  posterior  borders  ot  the 
proximal  segments  it  being  impossible  m  either  voung  mature  c)r  grand  pro 
glottldes  to  detect  any  extension  of  the  proximal  segment  posterior  to  the  canal 
(Figs    5    8,  n,  17  ) 

The  dorsal  extretiin  eanals  can  be  traced  as  iooselv  noiind  spiral  tubules 
18  to  20  /i  m  diameter  as  far  as  the  first  sexualh  mature  proglottides  The  loils 
of  the  spiral  extend  through  a  apace  of  from  0  15  to  0  25  millimeter  transveraeh 
and  dorso  ventra  11 V  and  number  li\c  to  six  complete  turns  in  each  segment 
(Figs   6,  "  ) 

Genital  otgane — The  primordium  of  the  vas  deferens  and  lagina  appears  in 
about  the  150th  segment  which  measures  0  72  millimeter  transversely  by  0  24 
millimeter  longitudinally  and  is  situated  12  millimeters  from  anterior  extremity 
At  about  the  300th  segment  (1  75  millimeter  by  0  45  millimeter  2  centimeters 
from  anterior  ettrtmity)  the  nterine  stem  is  present  aa  a  diatinet  tract  beginning 
poateriorly  in  the  bulboua  masa  at  the  median  extremity  of  the  vagina  and 
passing  diagonally  anterolaterally  toward  the  pore  side  ot  tbe  segment  until  it 
reaches  the  angle  between  tbe  vagina  and  vas  deferens  nhich  are  now  separated 
throughout  tlie  inner  half  of  their  eourse  thente  turning  at  an  acute  angle  it 
takes  an  antero  median  course  to  the  median  line  and  along  the  median  line  to 
the  anterior  border  of  the  segment  (Figs  8  7)  In  tbe  400tb  segment  (3 
millimeters  by  0  64  millimeter  8  centimeters  from  anterior  extremity)  the  female 
organs  have  became  differentiated  into  the  cvarian  lobes  and  vitellogen  gland 
the  testicles  are  appealing  in  lateral  fields  of  mednllarv  later  the  doaca  is 
forming  at  the  lateral  margin  the  \  shaped  Lourse  of  the  uterine  stem  in  the 
posterior  half  of  the  segment  is  more  sharpl>  defined  and  its  anterior  proI<m^ii 
tion  in  the  median  line  is  coiled  in  one  or  two  loose  spiral  turns  Ihe  4Toth 
proglottid  IS  sexually  mature      (Pigs   8   10  ) 

SeiTuoHj  mature  pi  ojlofiid —Measurements  5  millimeters  transversely  bj  1 
milltineter  longitudinaJlj  by  1  35  millimeters  dorso  ventrallv,  situatid  15  5  len 
timetera  from  anterior  extremity  of  specimen  Genital  pore  sligbth  posteiior  to 
middle  of  lateral  margin  |hg  81  cloaca  0  32  millimtter  deep  (figs  8  12  15) 
cirrus  01  millimeter  long  by  0  03  millimeter  broad  (fig  15|,  cirrus  poOch  035 
millimeter  long  by  0  1  millimeter  broad    (fig    IS)      \as  deferens  makes  distinct 

"  In  the  absence  of  spptifie  staining  for  the  nerve  tissues  the  nature  of  the 
globular  structure  in  the  posteiior  part  of  the  head  can  not  definitelj  be  deter 
mined  The  interpretation  here  made  i°  based  upon  the  marked  similarity  in 
appearance  and  atructure  in  irosg  section  between  the  lateral  nerve  trunks  and 
the  body  in  question  when  stained  with  earmine  upon  the  faint  tracinga  of  what 
appear  to  be  nerve  trunks  arising  from  it  upcn  its  position  and  upon  the 
eliminatitn  of  other  possible  interpretations  The  piesence  of  a  large  globular 
well  defined  ganglion  as  the  tenter  of  the  nerious  svstem  instead  of  the  usual 
commissural  arrangement  of  hbers  would  be  an  important  character  but  in  view 
of  the  uncertainty  of  interpretation   it  is  not  included  m  the  diagnosis 
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loop  within  cirrus  pouch  (fig.  15),  U  extremely  convoluted  after  passing  ventral 
canal,  and  ends  shortly  before  reaching  median  line  in  distinct  dilation  (0.075 
millimeter  broad)  whioh  receives  numerous  vasa  efTerentia;  testicles  (figs.  8,  8,  13) 
measure  0.13  to  0.16  millimeter  in  length  ( dorso- ventral  diameter  of  segment) 
by  (1.0(5  to  0.08  millimeter  in  their  transverse  diameters. 

Vagina  makes  two  spiral  coils  before  reaching  excretory  canal  (figs.  II,  12) 
and  after  passing  dorsad  of  the  canal  turns  sharply  ventrad.  sweeps  posteriorly, 
and  near  the  median  line  it  dilates  to  about  twice  its  former  diameter  to  form  a 
muscular  receptaculum  seminia  (0.040  millimeter  in  diameter)  which  abruptly 
enters  a  large  globular  chamber  (0.10  millimeter  in  diameter)  situated  ventralty 
in  the  median  line  between  the  median  extremities  of  the  ovaries  and  the  vitellogen 
gland  and  containing  immature  ova.  (Figs.  T,  H,  13,  14.)  From  the  posterior 
border  of  the  chamber  a  tubule,  O.OS  millimeter  in  diameter,  passes  dorsally  in 
a  convoluted  course,  taking  up  the  vitellogen  and  Rhell  gland  ducts,  and  empties 
in  the  ijilated  posterior  extremity  of  the  uterus. 

The  vitellogen  gland  (figs.  8,  10,  13)  lies  along  the  extreme  posterior  border, 
close  against  the  transverse  canal,  extending  laterally  two-thirds  the  distance 
from  the  median  line  to  the  ventral  canals  (1.2  millimeters).  On  longitudinal 
section  in  the  me^iian  line  it  measures  0.3  millimeter  dorso-ventrally  by  0.01 
millimeter  longitudinally,  filling  the  posterior  one-tenth  of  the  medullary  apace. 
Its  lateral  extremities  are  attenuated  and  lie  entirely  ventrad  to  the  median 
aaggital  plane. 

The  ovarj'  (figa.  8,  lu,  13)  is  composed  of  two  unequal,  transversely  elongated 
lobes  with  their  posterior  and  ventral  surfaces  lying  clone  against  the  vitellogen 
gland  and  the  ventral  boundary  of  the  medullary  layer  respectively.  Each  lobe 
extends  laterally  three-fourths  the  distance  from  the  median  line  to  the  ventral 
canals  and  is  thickest  in  the  posterior  half  of  ite  median  third  where  it  com- 
pletely fills  the  medullary  space  dorso-ventrally.  The  -dorsal  surfaces  of  the 
lobes  are  convex,  approaching  the  ventral  boundary  of  the  medullary  space  at 
their  median,  anterior,  and  lateral  margins. 

The  lesser  lobe,  proximal  to  the  pore  side  of  segment,  is  bounded  anteriorly  by 
the  course  of  the  vagijia,  except  in  its  median  third  where,  as  it  approaches  the 
median  line,  a  few  filaments  may  pass  ventrad  to  the  vagina  and  reach  a  more 
anterior  position. 

The  greater  lobe,  distad  to  the  pore,  extends  anteriorly  to  or  slightly  beyond 
a  transverse  plane  passed  through  genitsl  pure;  its  anterior  third  is  extended 
across  the  median  line,  slightly  overlapping  anteriorly  the  inner  extremity  of 
the  opposite  lobe. 

The  uterus  (flga,  8  to  10)  begins  posteriorly  as  a  pyriform  dilation,  0.45 
millimeter  in  diameter,  situated  obliquely  between,  but  slightly  dorsad  t«.  the 
median  borders  of  the  ovarian  lobes;  diminishing  in  size  the  uterine  stem 
passes  obliquely  a ntero- laterally  toward  the  pore  side  of  the  segment  until  it 
reaches  a  point  posterior  te  the  median  extremity  of  the  vas  deferens,  when  it 
turns  inwardly  at  a  sharp  angle  to  its  former  course  and,  passing  around  the 
extended  extremity  of  the  greater  ovarian  lobe,  continues  obliquely  forward  and 
inwiird  to  the  median  line,  which  it  reaches  at  about  the  center  of  the  longitudinal 
axis  of  the  segment;  it  then  turns  anteriorly  and,  in  a  spiral  course- of  from 
four  to  six  closely  wound  turns,  reaches  the  anterior  segmental  border.  In  the 
spiral  anterior  limb  the  diameter  of  the  uterine  tube  is  about  0.035  millimeter, 
while  the  spiral  fills  a  space  of  from  0.080  to  0.130  millimeter,  the  spiral  coils 
becoming  wider  as  they  approach  the  anterior  border  of  the  segment. 

Further  development  of  the  uterui  (figs.  13,  16  te  18K— In  the  SOOth  segment 
(fig.  13)  the  dilated  posterior  extremity  of  the  uterine  tube  has  enlarged  to  a 
chamber   measuring   0.32   millimeter   dorso-ventrally   and   antero-posteriorly,   by 
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0  8  millimeter  tiaiifier^eh  »linh  iicarlj  iills  the  pusteriur  portion  of  the 
medullars  spare  in  the  median  one  sixth  of  the  segment  This  joina  a  oecond 
dilation  of  about  equal  dimensiona  situated  at  the  apex  of  the  V  shaped  portion 
of  the  uterine  tube  In  the  anternr  half  of  the  segment  the  original  four 
to  aiv  spiral  turn»  are  attll  distinct  The  dilated  outer  ualla  of  the  eoils  f!ll  the 
(lorHO  ventral  diameter  of  the  medullary  apace  extend  0  4  millimeter  in  each 
side  the  median  line  and  piojeet  promineutlv  forward  into  the  transierte 
excretjry  canal  \  number  of  shallow  diverttiula  have  gr)nn  out  from  the 
lateral  walla  of  both  the  tuo  posterior  ea\ities  and  of  the  anterior  spiral 

In  segments  '>'>0  to  580  (fig  Ifi)  from  hie  to  seien  divertieula  or  branehes 
haie  giomi  out  from  the  lateral  walls  of  the  two  postenor  uterine  dilations 
e\tending  laterally  117  millimeters  or  four  fifths  the  distance  from  the  median 
line  to  the  ventral  canals  In  the  anteiior  half  of  the  segments  the  original  four 
to  SIX  coils   of  the  spiral   formation   are   distinguisliabte    and  extend   laterally 

1  ^0  millimeters  from  the  median  line  oi  about  two  thirds  the  distance  to  the 
lateral  canals  Ihe  anterior  extremity  of  the  spiral  has  expanded  laterally  into 
a  caiitj  which  encroaches  upon  the  lumen  of  the  transverse  canal  As  they  extend 
toward  the  lateral  borders  the  anterior  coils  and  the  posterior  diverticula 
apparently  by  reason  of  mutual  pleasure  and  unequal  growth  ha\e  more  oi 
less  lost  the  regularity  of  their  earlier  atrutture  some  pressing  toward  thi 
dorsal  and  others  toward  the  ventral  surface  and  some  are  inclosed  at  their  lateral 
extremities  by  two  adjacent  and  more  laterallj  evtenled  outgrowth*  4b  a 
result  of  this  irregular  development  sa^ital  and  longitudinal  sections  in  different 
planes  present  widelj  difteimg  pictures  resembling  m  some  cases  the  uterine 
branches  extending  laterally  from  a  median  stem  as  in  other  species  of  T<Enui  and 
m  others  giving  the  appearance  of  the  egg  sock  formation  found  in  other 
genera 

Ah  a  whole  the  structure  is  remarkably  compact  the  ovic  chambers  being 
closely  pressed  together  and  the  partitions  between  them  extremely  thin 

In  the  terminal  progtottiles  (figs  IT  IS)  the  uterus  fills  the  tmtiie  medullary 
space  encroaches  upon  the  transierse  and  longitudinal  canals  and  short  dner 
ticula  even  press  outwaid  the  muscular  tissue  of  the  cortex  A  few  of  the 
outgrowths  reach  the  lateral  canals  without  division  and  m  the  same  pline 
Usually  their  lateral  extremities  divide  into  two  or  three  setcmiary  branches 
which  may  again  dmde  the  dmsions  taking  place  in  anj  plane  but  usuilh 
antero  posteriorly  In  a  median  saggital  section  it  is  sometimes  possible  to  follcw 
a  single  branch  from  the  median  line  or  eien  slightly  across  it  to  the  laterji 
canal,  but  in  mcist  cases  it  passes  dorsad  or  ventrad  and  its  further  lateral  course 
can  be  followed  onlv  m  sections  m  other  planes  Occasionally  a  branch  ends 
considerably  short  of  the  litera!  canals  other  branehes  closing  in  (round  its 
lateral  extremit} 

Oio — -An  outer  shell  could  not  be  distinguished  in  either  young  or  matured 
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lie  t  i>e  ]ec  e  altl  gl  prener  el  fo  ato  t  two  eari  n  for 
al  n  a  goo  1  on  1 1  oi  ex  -ept  that  t  was  eons  derabl  although 
a]  ]  a  entl  un  fo  tiIv  contra  ted  In  the  deicr  pt  n  of  tl  e  8]  ec  men 
a  tual  neasure  ents  are  g  ven  but  m  stat  ng  d  menmons  n  the  specific 
d  agi  9  s  I  ha  e  en  leavored  to  n  ake  a  safe  allowance  for  th  s  contracted 
cond  t    n  of  the  spec  n  en  an  1  for    nd  v  dual  d  fferences  wl  cl    other 

]  e  ens  ma  ]  resent  W 1  le  tl  e  exa  nat  on  of  turther  nater  at  mav 
lead  t  cl  ange  n  the  d  agno  f  the  spet,  es  e  tl  er  b  the  el  n  nat  on 
of  so  ne  1  a  a  ters  n  w  n  luded  or  by  tl  e  ad  1 1  o  of  new  ones  t  is 
beheved  tl  at  the  pr  nc  pal  morpholog  cal  features  descr  bed  na  net)  tl  e 
t  an  verselv  elongated  o  a  an  lobe  and  tellogen  gland  the  \  and 
s[  al  fo  T  at  on  of  the  ter  ne  ten  the  con  pact  st  cture  of  the 
g  a  1  ute  us  the  loop  of  tl  e  as  deferens  the  length  of  the  strob  la 
an  1  the  relat  e  lengtl  and  brea  Wh  of  the  nd  lual  segn  ents  form  a 
CO  b  at  on  of  ch  racte  -s  wl  1  coul  1  ne  ther  be  aceo  nted  for  by 
I  e  ul  ar  ties  n  the  1  ng  n  hv  d  al  nor  t  y  ts  post  morten  distort  on 
\\ e  la  e  pon  tl e  pre  ence  of  the  r  dime itar>  narmed  roBtellum 
placed  the  spe  es  tentat  vely  n  tl  e  b  bgenu"  Trnaly  ?  m  Wein 
land    1853    penlig  the  e\am  nat  o     of  tie  mater  a!  by  a  s  stematic 
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ILLUSTRATIONS. 


I        TE    I 


Fio.    1.  Portion  of  strobila.     Natural  size. 

2.  Section  of  head  throi^h  two  suckera  and  border  of  neural  eavity.     1x75. 

3.  8«ction  of  head  in  different  plane,  showing  ( ?)  neural  cavity  and  ganglion, 

retracted  roatellum  and  traces  of  excretory  canals.     1X76. 

4.  Longitudinal  section  through  neck,  showing  beginning  of  segmentation. 

1X30. 

PtATE   II. 

Fio.    5.  Longitudinal  sections  of  segments  372,  373  just  internal  to  ventral  excre- 
tory canal,  showing  spiral  course  of  dorsal  canal.     1X80. 

6.  Segments  373  to  397,  showing  the  early  appearance  of  the  uterus  and 

genital  pore.     1X10. 

7.  Saggital  sections  of  segments  398  to  403,  showing  in  different  planes  the 

early  appearance  of  genital  organs.     1X12. 

Plate  III. 

Fig.    8.  Saggital  sections  of  segments  451   to  455,  showing  sexual  organs  about 
mature.     1X12. 
9.  The  same,  highly  magnified  to  show  the  form  of  uterus  in  a  single  segment. 

10.  Transverse  section  of  segment,  showing  the  coils  of  vagina  between  cloa^m 

and  ventral  canal.     IXSO, 

11.  Saggital  section  of  a  younger  segment  showing  the  same.     1X82. 

12.  Transverse  section  of  segment  showing  genital  [tore,  cirrus,  and  loop  of 

vas  deferens  in  cirrus  pouch.     1X90. 

Plate  IV. 

Fig.  13  Saggital  sections  of  segments  49t  to  495  in  "lightly  different  planes 
sliowing  posterior  dilationi  of  the  uterus  and  it'  anterior  coils  which 
have  nearly  reached  their  maximum  expaBHion  before  dividing  The 
heaiily  stained  iitellogen  gland  eitending  along  the  transverse  canal, 
and  the  more  tightly  stained  ovarian  lobes  lying  closely  anterior  to 
it  are  at  their  greatest  deielopment  1X2U 
14  Saggital  section  of  segment,  in  a  ventral  plane,  highly  magnified  to  show 
inner  length  of  vagina  as  it  enters  globular  chamber  from  which 
the  ovospermatic  duct  proceeds  posteriorl^r  touard  the  vitellogen  gland 
and  turns  dorsally  toward  the  ahell  gland  'nhicH  lies  in  a  deeper  plane 
1X40. 
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boo  ILLUSTRATIONS. 

16.  Longitudinal  median  section  of  segment  475,  showing  below,  the  vitellogen 

gland  resting  on  the  transverse  canni;  above  and  to  the  left  the  shell 
gland,  above  which  the  posterior  extremity  of  ut«rus  is  faintly  visible; 
more  anteriorly  tlie  inner  extremity  of  the  greater  ovarian  lobe  appears 
as  it  crosses  the  median  line;  above  it  are  seen  the  well-expanded  coils 
of  tlie  uteruH      IXtO 

Plate  V. 

Fio.  If!.  Saggital  section  of  segments  S'iS  to  556,  showing  further  development  of 
the  uterus;  numerous  di\ertieula  have  spread  laterally,  in  different 
planes  from  the  outer  walls  of  the  uterine  dilations  and  spiral  eoils. 
1X10. 

17.  Saggital  sections  of  segment-i  647  to  648  showing  the  irregular,  compact 

structure  of  the  uterus  in  gravid  segments.     1X12. 

18.  S^ment  slightlj  compressed   showing  gravid  uterus.     IX 10. 
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NOTES  ON  CHRONIC  ULCERS  OCCURRING  IN  THE 
PHILIPPINES. 

By  Gb<«oe  Cheynb  8h*ttuck. 
(from  the  Biologieal  Laboratory,  Bureau  of  Sotence,  Manila,  P.  /.) 

Cn  the  ocLition  at  a  ipcent  Msit  tc  Manila  opportunity  was  affoided 
me  to  woik  m  the  biological  laboiaton  ot  the  Bureau  cf  Science  and 
I  became  intertsted  in  attempting  to  determine  whether  or  not  Oiiental 
sore  occurs  in  Manila  and  in  investigating  the  etiol  »gj  of  tropical 
ulcerations  m  general  as  the  question  of  etiolog\  at  piesent  le  m  a 
state  of  much  confusion 

This  paper  embodying  the  results  of  m^  investigations  is  based  on 
clinical  notei  and  microscopic  findings  in  thirt\  four  cases  of  chronn 
ulcerative  processe'!  With  the  e\eeption  of  one  Chinaman  all  the 
patients  were  Filipinos  Fifteen  of  them  Ined  m  or  near  Manila ' 
and  nineteen  m  tl  e  neighborhood  of  Catbabgan  on  the  Island  ct  Sainar 
The  Catbabgan  cases  were  found  among  a  number  of  natives  suspected 
of  leprosy  who  were  being  inspected  by  Dr.  Heiser,  Director  of  the 
Bureau  of  Health.  They  were  held  under  observation  for  one  week, 
and  the  ulcers  examined  repeatedly.  Tjeprosy  was  not  present  in  any 
of  the  patients  of  this  series.  In  the  Manila  cases,  smears  were  taken 
from  the  exudate  on  the  surface  of  the  ulcer  and  from  the  deeper 
tissues  exposed  by  the  curette.  A  piece  of  tissue '  was  removed  and 
sectioned  in  four  of  these  cases.  In  all  the  Cathalogan  cases  smears 
were  taken  from  the  exudate  on  the  ulcer  and  from  blood  or  serum 
expressed  from  a  needle  puncture  close  to  the  lesion.  Giem83's{9} 
new  stain  was  used  on  the  smears  and  a  variety  of  stains  were  employed 
for  the  sections. 

Table  I.—Calbatogon  co^e». 
[r.=righti  l.=left,] 


». 

Location  of  ulcere  and  scats. 

».,„„., 

Legs. 

.», 

™,, 

r.is.r 

other  places. 

^ 

^^''' 

Sear  r 

Hypertrophic    pert- 

'  Twelve  cases  are  from  Dr.  Saleeby'a  clinic  at  St.  Luke's  Dispenaary,  two  from 
the  service  ot  Dr.  Dudley  at  St.  Paul's  Hospital  and  one  from  that  of  Dr.  EdwjiL 
C.  Shattuck  at  the  hospital  of  Bilibid  Prison. 

"  Tissue  was  first  put  in  alcohol  and  subsequently  treated  with  acetone  and 
embedded  in  paraffin.     ThicknesB  of  sections  i  /t. 
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Table  I. — Catbahgan  mseK — Continued, 
tr.^rdght;  !.=lell.] 

Locstian  of  uli^ers  and  ecbh. 


ScRrs,  r.  and 


_   Soaia,  ahoul- 
der;   ule 
hftmS,  r. 


Ulceis,  r.  and 


.  Twotoesamputatd, 


.    finger  ampiilated  r. 


Scare,  r.  and  _ 
1.;     ulce 
ankles. 


and    I.; 


Soars,  elbow. 


Spun,  r.  and 


HjpertTophic    perl- 
onlills      llbiH     1.; 
hand  swoUen  and 
deformed 
.    Hypertrophic    peri- 
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NOTES   ON   CHRONIC   ULCKHS, 
Tablk  [I.— toeufion  and  charaeter  of  l«Mmi»  in  Manila  a 

[r.=rlKht;  L^lefl.] 


NO, 

Lega, 

0.h„„.... 

MIscellaneons. 

.1^9 

Uleer  ankle  r 

■ 

HypeitTDphie  peilosLiU*. 
tibia,  t. 

'6BS6-8-P 

penis. 

•14BS4 
"H95 

Srom.  r.  Bnd  1.;  uloer.r.... 

Inguinal  glands.^ 

Boms'  loot  and  ann  r 

Scats,  r.  and  1.;  nicer,  1 

Soars,  r.  and  1.;  uleeis,  r. 
andl. 

Ulcer,  pfttate , 

scats  and  nle    f    tl 

Scars,  r,  and  1.-,  nlcere,  r. 

Uleer  sole  ol  foot 

■M560 

t,  Luke's  Hospital  numl 


>9t.  Paul's  Hospital  numl 


<BlllbIdHOBpilalDi 


Strong{l)  described  three  very  different  types  of  ulcer  found  in 
Manila,  exclusive  of  those  due  to  tuberculosis,  leprosy  or  Byphilis  His 
hrat  two  cases  can  be^t  be  discussed  m  relation  to  the  first  and  second 
cases  described  below  His  third  ^anetj  observed  m  whites  only,  was 
not  founi  m  this  seiies      The  report  of  cases  foUowa 

FIRST   TYPE   OP   ULCERATION 

Case  I — Natup^  age  30  a  laborer  Neither  the  patient  nor  his  farailv  hjive 
previouslv  had  any  aimitar  disease  Patient  stated  that  four  years  ago  Hithout 
assignal  le  cause  a  small  boil  appeared  on  his  foot  that  it  burat  spontaneously 
and  did  not  heal  When  he  began  poniing  to  the  dispensary  a  month  before  I 
saw  him  a  diagnosis  of  phthisis  was  made  The  patient  denied  that  anything  had 
e\er  been  done  etcept  to  apply  dressings  but  when  Dr  &aleebj  went  on  serMoe 
about  that  time  he  removed  a  atitch  whieh  was  in  the  base  of  the  ulcer  The 
patient  was  fairly  well  nourished  had  no  atars  suggesting  syphiha  and  onh  the 
one  external  lesion  This  was  situated  just  below  the  ettemal  malleolus  on  the 
right  foot  where  there  was  an  ovoid  swelling  2-^X25X0  75  oentimeterH  in  size 
with  a  gash  across  it  that  went  down  nearly  to  the  periosteum  The  walls  of  the 
gash  were  somenhat  ragged  and  the  lower  side  was  undermined  A  little  yellow 
lah  slough  was  adherent  to  the  base  and  sides  There  was  scarcely  any  discharge 
llie  superficial  skin  over  the  swelling  was  thick  and  rough  The  subcutaneous 
tisBuee  were  thiikened  The  snelling  was  firm  There  was  no  tenderness  redness 
nor  pigmentation  The  lesion  was  curetted  and  a  small  piece  excised  for  ■ 
tion      The  wound  healed  rapidly  under  simple  dressings 
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A  smear  fron  the  scminnRS  showed  mBiiy  polym  rphonuclear  leucocyt*s  a, 
few  large  and  small  baaophiles  and  oecasionallj  a  plasma  cell  k  very  few 
cocei  were  obseried  but  no  other  bacteria  nor  parasites  In  addition  a  fe«  round 
bodies  identified  aa  blaBt<Mn^ces  by  their  contour  and  budding  «ere  evident  in 
the  smear  from  the  exudate  A  sectifin  stained  with  hsematox^lin  and  eoain 
showed  all  the  layers  of  the  skin  and  a  little  subcutaneous  tissue  Ul  eration 
infiltration  ind  necrosis  of  the  upper  ii\eiH  of  the  skin  appeared  at  one  edge  of 
the  section  Ihere  his  an  increase  of  len»e  fibrous  tissue  in  the  deeper  parts 
of  the  sections  and  strands  of  this  tissue  ran  out  to  tl  e  edge  of  the  ulceratun 
The  tissue  near  the  ulceration  was  oedematous  Coagulation  necrosis  deposit 
of  (ibrm  and  considerable  infiltration  with  small  round  and  plasma  cells  and 
a  few  polymorphonuclear  leucocytes  Has  present  Other  aections  were  stained 
for  tubercle  bacilli  as  well  as  b*  the  methods  of  \\  right  Giemsa  Gram  Weigert 
and  silver  impregnation  4  fen  drnn  staining  cocci  were  seen  near  the  edge 
of  the  ulcer   but  no  blastonucea 

ThiB  le'iion  (.oiresponds  pretty  closely  to  Strong  &  description  of  his 
ulceiation  of  the  first  Upe  '  Oa  the  one  hand  the  8can.itv  of  pue  13 
common  to  both  and  the  mode  of  onset  i*  much  the  same  on  the  other 
Strong  encountered  an  o\al  VlaBtom\teB  m  the  t  s^es  whereas  m  this 
uise  a  round  one  was  found  spaiinglv  m  the  exudate  It  must  be  birne 
m  mmd  that  m  this  cail  the  conditjon  had  existed  foi  foui  years  when  it 
came  under  ticatment  an<l  that  probably  the  leiion  had  been  thoroughly 
luietted  when  the  stitih  wat  put  m  liefore  "^pcciment  were  obtained 
Supposing  it  to  be  of  pirasitic  origin  the  parasites  may  either  ha\t 
died  01  have  been  sciaped  out  The  duration  of  the  ulcer  in  thii  in 
stance  was  four  times  as  long  as  is  usual  with  Oiicntal  sort  The  find 
mg  of  blastom^ces  m  the  exudate  whiih  might  ha\e  been  setonilary 
invaders  is  of  no  \alue  and  yet  the  ai-sumption  of  a  blattomycotic 
origin  would  explain  the  chionicity  and  mildness  of  the  lesim  better 
than  an\    ithtr  diignosis  I  cm  mike 

SECOND   TlPr    OF   TKLItiTION 

Casii  11 — Natue  age  ■■!  '  Patient  sa>s  that  hve  n  onths  ago  he  lad  swel 
lings  in  both  groins  which  disappeared  under  treatment  b\  a  Chincie  phjsician 
There  was  also  a  st  re  on  his  penis  Then  a  sn  all  hoil  appeared  in  the  right  groin 
resulting  in  an  ulcer  which  spread  slowly  m  spite  of  treatment  Another 
ulcer  de^elopel  later  between  sirotum  and  thigh  Tlie  patient  was  treated  for 
a  month  in  the  outpatient  clinic  and  was  admitted  to  the  waids  a  month  ago 
because  the  ulcers  weie  obstinate  At  the  time  of  entrance  he  had  a  large 
chancroid  on  the  penis  The  l1  antroi  I  has  iiiproved  but  the  large  ule  r  has 
remained  in  spite  of  vigorous  anti  sjphihtic  tieatinent  On  the  coitiary  seieral 
small  ulcers  have  appeared  rLcentlv  near  the  anus 

The  patient  was  fairlj  well  nouiished  He  had  no  skm  lesions  other  than 
those  alrea  h  mentioned  There  uaa  slight  general  gltndular  enlargement 
The  throat  was  negati\e  and  there  nas  no  periostitis  Extending  from  the  I  aae 
tf  tl  e  serotum  to  the  inner  aspect  of  the  right  thigh  was  a  smooth  granulating 
area   neither   eleiated   nor  depressed   and   measuring  about   10  5   < 

'  St.  Paul's  No.  2(i97.     First  seen  A])ril  2*,  190' 
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greatest  diameter  Iti  outline  ni?  made  up  of  curies  like  the  arcs  of  inteiseet 
ing  circles  The  margin  was  clearly  define  I  a  little  raised  and  slightlj  under 
mined  The  surtace  of  the  granulationa  «aa  le\el  they  were  bOfg(^  and  dark 
bluish  red  in  color  No  slough  was  viaible  Several  r<und  ulcerated  papules 
appeared  near  the  anus  Their  interior  resembled  the  surface  of  the  large  ulcer 
There  was  an  ulcer  of  molerate  size  in  the  (from  nhich  appeared  to  be  improving 
Dr  Dudley  curetted  the  large  ulcer  and  those  near  the  anus  The  granulations 
were  so  soft  that  thev  could  almost  haie  been  wiped  awa*  The  faaeia  beneath 
appeared  healthy  4  «eek  later  the  uker  was  coiered  «ith  healthv  granulation 
tissue  but  at  the  end  of  the  second  neek  the  surface  was  uneven  and  covered 
with  small  patches  of  grayish  slough  The  granulations  at  the  edge  were  slightly 
exuberant  and  thnse  in  the  other  portions  appeared  as  if  gna«ed  away  The 
color  of  the  granulation  was  light  red  The  uker  of  the  groin  presented  the 
same  appearente      There  had  not  been  much  change  in  tlie  size  of  the  ulcers 

Smears  fr<m  the  ulcerate  1  surtace  slDwel  ordinary  pua  and  a  few  diplotocci 
but  no  other  bacteria  Smears  from  the  depths  showed  neither  bacteiia  nor 
parasites  After  curetting  agar  cultures  were  made  from  the  base  in  the 
ordinary  wi(  and  under  anaSrobie  conditions  They  remained  sterile  \  culture 
on  blood  lerum  showed  one  colony  of  ttaphvlocnccua  and  ae\eral  colonies  of  a 
white  mould  \  section  stained  nith  hsematoxylin  and  eoam  showed  a  rounded 
edge  co\ered  with  epithelium  and  undermined  by  ulceration  The  papillarj 
layer  of  thu  epithelium  waa  hjpertrophied  The  fibrous  tissue  of  the  wrium  waa 
much  increased  and  infiltrated  with  a  fe*  small  round  cells  There  was  a 
ftbnnous  exudate  on  the  surface  of  the  ulceration  having  polymorphonuclear 
leucocytes  and  plasma  cells  in  its  meshes  Other  sections  were  stained  with 
eosm  and  methylene  blue  b\  sitvei  impregnation  by  Gram  s  method  and  for 
tubercle  bacilli   but  neithtr  parasites  nor  bacteria  were  found  m  the  tissues 

Like  Dr  Stiong's  qeeon<l  c?ase  this  ulcer  began  without  previous 
injury  spread  slowh  m  'ipite  of  treatment  and  did  not  improve  until 
after  curetting  It  differed  dinicalh  fiom  Strongs  cise  in  having 
a  smooth  bate  and  no  sJDugh  although  the  legions  ma\  have  been 
modiiied  by  the  two  months  treatment  The  discoloi  ation  and  bog- 
gme'ffi  of  the  surface  recalli  Scheule's  (4)  desLfiption  of  phagedenic 
ulcers  Against  the  supposition  that  this  uker  was  due  to  the  same 
organism  as  the  chancroid  ive  have  the  fact  that  tlie  lesions  reacted  differ 
enth  to  treatment  one  heahng  and  the  other  not  Syphilis  is  ruled 
out  by  the  failure  to  respond  to  energetic  treatment  with  iodide  and 
mercurials  The  appearance  and  behav  loi  of  the  ulcer  » as  not  as 
it  would  have  betn  if  prodmed  bv  tuberculosis  When  first  seen  it 
differs  1  fmni  the  descripti  n  of  ukeiatiie  venereal  granuloma  (Menso 
and  Manson)  (3  and  1)  in  ha\ing  a  dull  bluish  appearance  a  smooth 
sui  face  a  comparativ  elv  rapid  dev  elopment  and  the  absenc  e  of  a 
tendency  to  heal  in  the  center  Dr  Dudley  is  sure  t!iat  until  he  curet- 
ted the  ulcer  it  had  neither  been  trimmed  mr  scraped  nor  cautenzed 
but  only  dressed  Its  appearance  was  net  that  of  ulcerati\e  venereal 
granuloma  In  favor  of  phagedena  are  the  obstmacv  of  the  ulcer  the 
discoloration  of  the  granulation  tissue,  and  the  fact  that 
causes  can  be  excluded. 
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THIRD   TYPE   OF   ULCERATION. 

Case  III  ■ — Nitue '  age  3  The  patient  atat«a  that  he  lia  i  small pjit  1  Jiig  ago 
but  no  other  illneos  or  «kin  affection  until  two  yeari  preiifuah  when  he  received 
a  Bovitid  front  a  board  on  tlie  left  leg  \  large  alcer  developed  from  the  wound 
and  at  about  the  same  time  other^i  appeared  spontaneou-ily  on  the  other  leg 
These  healed  but  the  primary  uker  diii  not  The  patient  was  unutually  well 
devel  ped  and  well  njurishel  Tl  ere  i  ere  no  lesions  m  the  thioat  no  glandular 
enlargement  and  no  anceithetic  areas  n  r  inflltrated  njdules 

On  the  anterior  surface  of  the  left  leg  midway  between  knee  and  ankle  was 
a  ^mxith  Bear  about  15  centimeters  long  and  0  5  centimeter  wide  The  skin 
o^er  the  scar  was  pale  and  tlie  hair  along  its  margin  was  white  On  the  external 
aspect  a!  the  leg  surr  unded  by  pigmented  war  tissue  was  a  shallow  granulating 
area  The  edges  were  neither  elevated  nor  underminpd  The  surface  was  clean 
Ihere  was  a  smiU  ulcer  on  the  front  of  the  le^  t-overe  1  with  a  viscid  purulent 
exudate  and  a  brownish  crust  Grouped  arounl  the  right  ankle  «ere  many  pig 
mented  wars  The  man  was  put  on  small  doses  of  potassium  iodide  the  day 
liefore  I  saw  him  and  antiseptic  dressings  were  used  When  he  was  a^in  seen 
SIX  weeks  later  the  large  uKer  had  a  border  of  new  skm  around  the  e<^  and  the 
granulations  m  the  center  appeared  health>  Two  smears  from  the  exudate  of 
the  small  ulcer  were  examined  None  were  taken  fr  m  the  large  ulcer  because 
it  had  been  cleaned  They  showed  polvmorphonuUear  leucocytes  in  abundance 
tissue  fragments  and  very  niimpr)\is  eoeei  and  lactlli  some  hmg  intra  and 
some  extra  cellulir 

The  hietorj  and  tourse  of  this  (.aae  is  tipn,al  of  imn>  othets  m 
which  chronic  ulcers  de\elopiiig  after  trauma  ha\e  been  followed  ly 
ulcerations  m  other  part"  of  the  bodj  particularly  on  the  leg  It  mav 
be  seen  that  ksions  occuirjng  m  this  maimer  are  not  all  iljke  by  reier 
ring  to  the  second  case  described  under  the  fourth  type  of  ulceration. 
Some  cases  gave  little  indication  of  syphilis,  but  others  had  lesions 
suggesting  this  disease  strongly.  The  second  case"  (Case  V,  p.  557)  of 
the  fourth  type  of  ulceration  is  such  a  one. 

Menst!  (3)  states  from  personal  observation  that  leg  ulcers  from 
trauma  are  very  common  in  Africa  among  the  negroes.  He  says  that 
they  hea!  without  anti syphilitic  treatment,  are  often  large,  but  generally 
single.  In  our  case  the  balance  seems  to  swing  toward  syphilis  as  the 
moat  probable  diagnosis,  but  there  is  much  room  for  doubt.  The  bac- 
teria observed  were  probably  nothing  more  than  secondary  invaders. 
In  favor  of  syphilis  are  the  multiplicity  of  the  lesions  and  their  close 
resemblance  to  other  lesions  seen  in  undoubted  syphilities.  Other 
characteristics  are  ambiguous. 

irst  seen  March  22,  1907. 
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Case  IV— N  t  e  etuclnnn  age  J3  Pate  t  lie  el  la  ing  had  an  aki 
lesion  int  1  tl  ree  yeirs  af,  1  en  he  a^  acratel  ed  bj  harness  A  ul  er  de 
^eloped  at  the  Bite  of  the  sc  ateh  and  graduallv  ncreased  n  s  ze  The  patient 
appeared  healthy  and  sho  el  no  p  t  the  ori  nary  signs  o!  siph  1  s  The  lesion 
was  roughly  e  re  lar  I  to  "0  cent  n  ete  s  n  d  ameter  and  occupied  most  of 
the  po3t«nor  surface  of  the  r  ght  buttock  It  extended  a  short  distance  across 
the  med  a.n  I  ne  fo  the  left  buttock  Tl  e  ak  aro  nd  the  lea  on  appeared  normal 
The  marg  n  of  tl  e  lesi  n  Has  elevated  and  composed  of  a  dense  nelast  c  t  asue 
CO  ered  ith  p  nk  scaling  ep  derm  s  hich  was  adherent  a  d  mmo  able  The 
same  sort  of  t  asue  covered  the  greater  part  uf  the  les  on  The  ulcers  near  the 
I  arg  n  ere  sn  al!  deei  pit  I  ke  a  d  of  n  f  rm  s  ze  The  r  edges  were  firm 
inve  ted  and  si  gbth  under  ned  Thei  -o  ta  ned  sero  p  r  lent  evudflte  and 
there  was  a  yell  w  si  nlough  at  tl  e  bane  of  each  la  the  central  part  of  the 
les  on  f  1  e  leers  ere  deeper  larger  and  serp  g  nous  as  f  forn  ed  by  confluence 
of  smaller  onea 

\  smear  shoved  poljn orphonuclear  leucocytes  in  fair  numbers  a  few  large 
basoph  1  c  cells  a  d  a  occas  onal  small  Ivn  pi  ocyte  and  eosinophile  A  few 
d  plococc  vore  obsened  b  t  no  other  organ  sms  A  sect  on  taken  from  the  edge 
of  an  ul  er  sfi  ned  w  tb  b^matox^l  n  and  eos  n  showed  th  cken  ng  of  the 
Malpigl  an  and  pap  llarj  lavera  of  the  ep  derm  s  and  vac  olat  on  of  some  of 
the  cells  of  tie  upper  strata  luc  dum  The  normal  p  gn  ent  in  one  pla  e  waa 
want  ng  The  et  cular  strat  m  appeared  (edemato  s  and  showed  a  marked  n 
crease  of  co  ect  e  tissue  eella  The  Ijnph  spaces  were  «  le  ani  contained 
poliraorphonu  lear  leucoevtea  and  plasma  ceils  Tl  ere  w  a  no  small  ro  nd  cell 
nfiltrat  on  about  the  veins  and  no  endarter  tis  The  ep  dern  a  at  one  end  of 
the  sect  on  vas  nderm  ned  bv  ulce  at  on  \t  th  s  point  tracea  only  of  tl  e 
structure  of  the  cor  un  ren  ained  There  as  m  ich  fibrinous  exudate  Other 
ae  t  ns  sta  ned  bv  the  Cran  Weigert  n  ethod  ani  for  tubercle  bacilli  show  many 
d  ploc  e  and  a  few  I  ac  11  n  the  h  my  lave  but  no  e  n  the  deeper  t  ss  es 
H<i  t  bercle  bacilli  e  e  fou  d  and  a  sect  o  sta  ned  v  th  s  1  er  showed  no 
spirochietse 

The  pat  e  t  vas  p  t  on  sn  all  doses  of  potass  um  od  de  and  the  les  on  as 
cleaned  and  overed  th  a  wet  bichlor  de  dressing  It  appeared  much  better 
after  two  ia  s  and  at  tl  e  end  of  s  s  weeks  the  remnants  of  ulcerat  on  were  co  ered 
V  th  a  fe  sn  all  scabs  The  skin  o  er  the  s  te  of  the  les  on  was  st  11  ptnk  but 
tie  sul  utaneous   nduration  hal  disappeared  and  the  skin  was  aoft 

Case  \  —Native'  age  63  Historv  unreliable  The  patient  states  that  he 
was  kicked  bj  a  horse  seven  mentis  ago  on  the  left  leg  and  that  a  chrome  ulcer 
developed  from  the  wound  The  right  leg  became  ulcerated  at  about  the  same 
time  The  patient  was  poorly  nourished  There  were  no  acara  in  the  throat  nor 
am  typical  mucous  patches  The  inguma!  glands  vere  somewhat  enlai^ed  and 
hard  but  the  other  glands  were  not  On  the  front  of  the  left  lower  leg  was  a 
large  serpiginous  pocketed  ulcer  The  pockets  contained  i  oist  grayiah  slough 
and  necrotic  granulation  tissue  The  margin  was  indurated  and  banda  of  firm 
melaatic  tissue  covered  with  adherent  skin  intersected  the  ulcer  The  left  leg 
presented  a  few   pigmented  s  ars  around  the  ankle     The  ulcer  was  cleaned  and 
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dreaied  witli  an  anti^eptir.  The  ulter  when  seen  again  twn  daji  later  apiwarad 
very  much  better.  A  piece  of  tissue  was  removed  from  one  of  the  kn()bB  in  the 
base  of  the  ulcer.     The  patient  stopped  coming  and  has  not  been  seen  since. 

Smears  from  scrapings  showed  blood,  with  a  few  polymorphonuclear  leucocytes 
and  many  cocci  and  thick  bacilli,  the  latter  intra  and  extra -cellular.  One  slide 
also  contained  a  few  blastomyces.  A  section  stained  with  hiematoiylin  and  eosin 
showed  hypertrophy  of  the  middle  and  papillary  layers  of  the  epidermis.  There 
were  a  few  polymorphonuclear  leucocytes  and  plasma  cells  in  the  corium,  but 
no  lymphocytes  around  the  vessel >!  and  no  endarteritis.  No  necrotic  nor  ul- 
cerated areas  were  seen  The  silver  stain  and  that  for  tubercle  bacilli  gave 
negative  results.  The  Gram-Weigert  stain  showed  many  diplococci  and  bacilli  in 
the  homy  layer  (the  former  were  positive  and  the  latter  n^ative  to  Gram) . 

Case  VI, — A  young  native  woman.*  The  patient  was  poor  and  emaciated,  the 
throat  negative  and  the  glands  not  enlarged.  The  lesions  were  confined  to  the  legs 
and  feet,  which  presented  an  appearance  suggesting  elephantiasis.  The  knees 
could  not  he  completely  straightened  The  left  foot  was  firmly  held  in  the  posi- 
tion of  equinus  by  contracted,  atrophied  muscles.  The  right  foot  and  ankle  were 
much  enlarged  and  held  immovable  liy  the  dense,  wooden  character  of  the  swelling. 
The  skin  was  pink,  unyielding  and  immovable  with  a  macerated,  scaling  surface 
which  merged  into  large  ulcers  encircling  both  ankles  There  were  sloughing, 
ragged  ulcers  of  varying  size  and  depth  on  the  feet.  The  great  and  second  toes 
of  the  right  foot  were  absent,  but  the  bone  was  not  exposed.  On  the  legs  there 
were  many  smalt,  round,  punched  out  ulcers  of  equal  size,  having  firm,  inverted 
edges  and  a  yellowish  siough  at  the  base  from  which  exuded  a  sero-purulent. 
sticky  fluid.  The  legs  were  bathed  in  this  foul-smelling  exudate.  They  were  not 
auEesthetic.  This  patient  was  under  obserration  foi  a  week.  The  lesions  improved 
under  simple  washing. 

Smears  from  the  exudate  taken  on  two  occasions  showed  pui  and  enormous 
numbers  of  bacteria  of  many  kinds.  SpimchcetEe  were  present  in  three  nvit  of  four 
specimens  and  were  very  abundant  in  two  of  these.  The  fourth  specimen  con- 
tained blood  with  a,  little  pus  and  only  a  few  bacteria  Many  of  the  spirochjetie 
could  fairly  be  classed  as  f!p.  rfifringena  Schaudinn,  but  the  characteristics  of  the 
majority  were  midway  between  these  of  typical  refringem  and  typical  Treponema 
pallidum  Schaudinn.     No  typical  examples  of  palliiUim  were  seen. 

No.  17  (see  Table  I)  is  an  excellent  example  of  the  same  sort  of  hypertrophy 
and  ulceration.     The  toes  on  the  affected  limb  were  drawn  up  by  contractures. 

These  four  cases  had  two  important  common  characters:  First,  a 
similar  hj^jcrtrophic  process  affecting  the  skin  in  the  same  way;  second, 
punched-out  ulcera  of  the  same  type.  These  fundamental  resemblances 
were  noticeable  at  a  glance.  Stelwagon  (6)  in  his  description  of  ulcerat- 
ing gummata  eaya  that  an  "elephantoid"  condition  with  pnnched-out 
ulcers  is  common,  that  it  haa  no  clear  limits  and  that  in  a  few  months 
it  takes  on  a  violaceous  h\ie,  softena,  and  breaks  down  or  is  absorbed. 
The  indications  are  that  the  hypertrophic  condition  in  the  first  and 
third  cases  has  lasted  much  longer  than  the  limit  which  this  anther  has 
given.  The  process  in  the  first  case  was  pretty  definitely  circum- 
scribed, but  its  limits  in  the  third  case  could  not  be  determined      Chronic 

•No.  4  of  Cathalogan  series.     First  seen  April  10,  1907. 
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inflaiumation  is  shown  in  the  sections.  They  are  not  characteristic  of 
syphilis  nor  of  tuberculosis.  The  bacteria  and  spirochsetse  found  in 
the  smears  probably  were  all  secondary  invaders,  for  the  most  part 
saprophytic.  Their  absence  in  sections  points  to  this  conclusion.  If 
we  concede  that  the  four  cases  have  the  same  etiology,  we  may  say  that 
they  are  due  to  a  chronic,  hut  curable,  non tuberculous  disease  causing 
hypertrophy  and  ulceration,  and  that  the  disease  is  probably  infectious. 
The  diagnosis  of  syphilis  is  almost  forced  upon  us.  Blastomycotic 
infection  and  tertiary  lesions  of  yaws  are  far  less  probable  than  syphilis. 
Elephantiasis  does  not  require  serious  consideration  as  a  possible  diag- 
nosis. Whether  we  do  or  do  not  concede  that  these  cases  have  the  same 
etiology,  it  must  be  recognized  that  they  have  many  differences.  The 
contracture  and  loss  of  toes  in  the  third  ease  and  contracture  in  the 
fourth  are  not  easily  explained  by  assuming  that  syphilis  alone  is  present. 
They  may  have  resulted  from  long  antecedent  phagedenic  ulcers  which 
preceded  the  hypertrophic  process.  The  present  condition  of  the  skin 
renders  it  difficult  to  judge  of  this  by  observation.  Nerve  leprosy 
seems  less  probable  as  an  explanation  in  view  of  the  careful  consideration 
it  was  given  and  the  negative  verdict.  Congenital  defects  and  trauma 
are  possible,  but  not  probable,  etiologic  factors. 

Table  I  of  the  Catbalogan  cases  shows  (1)  a  strikingly  large  number 
of  lesions  on  the  legs,  (2)  multiplicity  of  lesions,  (3)  a  marked  resem- 
blance in  the  distribution  of  lesions,  and  (4)  a  considerable  number  of 
deformities.  Ohnically,  the  resemblance  between  individual  lesions 
in  different  cases  and  between  individnal  cases  themselves  is  very  strik- 
ing.    This  points  to  a  common  etiology. 

Leprosy,  tuberculosis,  and  syphilis  require  careful  consideration  in 
the  diagnosis  of  this  group.  Against  leprosv  we  have  the  facts  that 
there  were  no  signs  such  as  loss  of  eyebrows,  there  were  no  nodules, 
spots,  nor  anfesthesia,  and  also  six  or  more  smears  taken  from  inside 
the  nose,  the  lobes  of  the  ears  and  from  the  lesions  in  every  case  were 
negative.  Were  the  bone  lesions  tuberculous,  sinuses  or  typical  tuber- 
cular lesions  of  the  skin  would  have  been  present  in  some  of  the  cases. 
Nothing  of  this  sort  was  found  and  no  tubercle  bacilli  were  seen  in  the 
smears  made  for  leprosy. 

The  following  lesions:  destruction  of  soft  palate,  dactylitis,  destruc- 
tion of  the  phalanges,  depressions  in  the  bone  of  the  forehead,  and 
"elephantoid"  swellings  of  the  legs,  with  gumma-like  ulcerations  indicate 
the  presence  of  syphilis.  The  microscopic  evidence  is  negative.  Syphilis, 
then,  is  a  probable  diagnosis,  but  syphilis,  uncomplicated,  rarely  produces 
ulcerations  deep  enough  to  cripple  limbs  or  amputate  toes.  According  to 
Scheube,  tropical  ulcerating  phagedena  does  this  very  thing.  It  com- 
monly invades  unprotected  lesions  in  the  Tropics.  Therefore,  the  diag- 
nosis of  syphilis  complicated  by  phagedena  might  be  made. 
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Location  and  charncter  of  iesloiin. 

each' " 

irfeachf^ 

3ft 

Table  II  of  the  Manila  cases  shows  the  preponderance  of  lesions  on 
the  legB,  as  is  the  case  in  Table  I,  and  also  demonstrates  that  the  number 
and  variety  of  lesions  in  the  Manila  eases  was  much  less  than  in  those 
from  Catbalogan.     Their  essential  characters  are  the  same. 

The  spirochaetae  which  were  seen  present  some  interesting  features. 
The  organisms  were  found  in  five  of  the  thirty-four  cases  (about  15  per 
cent).  There  were  several  varieties  which  may  be  divided  into  three 
classes. 

Tabj.e  TV.  —  Oecurrmce  ofspiroch:eti(. 


Case 

Cla»A. 

Class  B. 

12W6 

Ranierou«„_. 

Numerous  „_. 

Nnmerous.... 

Characteristics  of  Class  A:  1.  Outline  wavy,  rather  than  spiral.  3, 
Curves  very  large  and  sweeping.  3.  Curves  few,  rarely  more  than  six, 
4.  Body  wide  and  short.  5.  Body  as  a  whole  nearly  straight.  6.  Ends 
gradually  tapering  to  a  point.  7.  Stains  dark  blue  with  Giemsa.  8. 
Stains  heavily. 

Characteristics  of  Class  B:  1.  Outline  wavy  rather  than  spiral.  3. 
Average  length  of  curve  is  moderate.  3.  Curves  shallow.  4.  Number 
of  curves  rarely  more  than  ten.  5.  Curves  often  of  different  sizes  in 
same  individual.  6.  Body  often  bent,  curved  or  looped.  7.  Body  of 
medium  thickness  and  medium  length.  8.  Both  ends  tapered  as  a  rule ; 
sometimes  one  end  is  truncated.     9.  Stains  blue  or  purple  with  Giemsa. 

Characteristics  of  Class  G:  1.  Outline  wavy  or  spiral.  9.  Curves 
very  short.  3.  Curves  shallow.  4.  Number  of  curves  rarely  more  than 
fourteen.  5.  Curves  of  nearly  uniform  size.  6.  Body  as  a  whole  nearly 
straight,  t.  Body  very  thin  and  long,  8.  Ends  tapered.  9.  Stains 
light  blue  with  Giemsa;  eometimes  purple.     10.  Stains  faintly. 
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Evidence  of  transverse  division  was  observed  in  all  three  elassea.  It 
was  indicated  b\  a  pale  area  between  two  cur\e8  or  at  the  top  of  a  curve 
near  the  middle  of  the  organism  (PI  I,  fig  1,  a),  or  at  two  points  in 
tlie  same  oiganism  dividing  it  into  thirds  The  pale  area  appeared  to 
be  nirrower  than  the  rest  of  the  bud)  This  is  particularly  well  shown 
m  example^  of  Class  A  when  the  dmsion  if  «ULh  it  be,  is  nearly  com- 
plete It  might  he  argued  that  two  indmduala  happening  to  lie  end 
to  end  would  produce  a  false  impresFiion  ot  transverse  division,  but 
agamst  this  assumption  are  the  tacts  that  manv  instances  can  be  found 
m  a  single  hpetimen  and  that  the  line  of  the  Lur\e  is  unbroken.  These 
appearances  occur,  but  thej  are  b\  no  means  a«  distinct  in  Clasaes  B 
and  C  as  m  Tlass  \,  similar  ones  have  been  described  by  Goldhom  (8) 
and  Fox  (5)  for  Treponema  pallidum,  and  bv  N"ovy  and  Knapp  (7)  for 
'^piTochwta  obermeten  Classes  B  and  C  al  o  at  times  suggest  long! 
tudinal  division  or  agglutination  or  both  A  ver\  few  examples  «ere 
observed  in  which  one  end  of  the  organism  was  distinctlj  forked  Two 
organisms  mtbrtwrned  were  not  uncommonly  seen  but  m  many  of  these 
instaneei  tour  sejaratt?  enis  tould  be  distinguished  so  that  the  arrange 
ment  might  ha\e  tome  about  either  by  longitudinal  division  or  by 
^gglutlnatlon  One  large  bundle  of  organi'ims  ot  Cliss  C  was  observed 
the  ndividuals  being  arranged  nearly  parallel  to  each  other  One 
sptrochata  projecting  from  the  side  of  the  bundle  showed  a  forked 
extremity  with  the  junction  of  the  ends  entirely  clear  of  the  bundle 
where  it  could  plainly  be  seen  Aa  the  number  of  specimens  which  I 
have  examinee!  is  a  small  one  these  data  on  the  question  of  multiplication 
of  tpirochaice  are  nof  considered  to  be  sifticient  to  prove  the  occurrence 
of  either  form  cf  divis  on 

I  could  not  establish  the  causal  relationship  between  the  spirochcetw 
and  the  ulcers. 

SUMMARY. 

Four  diiferent  types  of  ulceration  were  studied.  The  first  and  second 
types  were  not  definitely  diagnosed.  They  were  probably  infections 
sui  generis.  In  the  third  type  the  weight  of  evidence  is  slightly  in  favor 
of  syphilis.  Many  examples  of  this  were  seen.  In  the  fourth  type  the 
probability  of  syphilis  is  strong.  The  remaining  cases  of  the  series 
seem  to  be  variations  of  types  three  and  four,  which  might  all  be  placed 
in  one  group.  Together  they  would  comprise  94  per  cent  of  the  series 
(thirty-two  cases).  The  diagnoses  were  all  made  clinically,  because  the 
microscopical  findings  were  negative  or  ambiguous. 

The  cellular  content  of  the  exudates  was  nearly  the  same  in  all  the 
cases.     The  bacteria  were  as  a  rule  also  identical. 

Blastomyces  were  found  in  the  exudate  from  two  cases,  but  were  not 
proved  to  be  of  etiological  importance. 
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Spirochwta  refringens  and  two  other  varieties  of  spirockmim  were 
observed,  but  they  were  not  believed  to  bear  a  causa!  relationahip  to 
the  ulcers.     Evidence  of  division  was  seen  among  the  Bpirochfetse. 

Microscopical  findings  in  brief. 


Number  of 

Pe..nt. 

2 

100 

Blsatomyces 

CONCLUSION. 

Oriental  sore  as  described  in  the  text-booke,  Madura  foot,  and  the 
typical  phagedenic  ulcer  of  Manson  and  Scheube  were  looked  for  in 
vain.  No  varicose  ulcers  were  seen.  The  proportion  of  ulcers  due 
to  typical  phagedena,  blastomyces,  and  infections  sui  generis  is  small. 
A  very  large  proportion  of  the  chronic  ulcers  are  syphilitic.  Owing 
to  neglect,  the  lesions  are  unusual  in  degree  if  not  in  kind,  and  they 
become  very  destructive. 

The  view  that  Spirochceta  refringens  is  a  bacterium  is  supported  by 
strong  evidence  of  transverse  division. 
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ILLUSTRATIONS. 


{Photnmicrographfi  by  Mr.  Charles  Martin,  Bureau  of  Science,  Manila,  P.  I.] 

"■lo.  1.  Spirocki^ta  refringens  (Cias3  A]  giving  appearance  of  transverse  divieon 
nearly  complete;  also  an  unidentified  spiroeliteta  of  Class  B.  (1,000 
diam. ) 


refringens    (ClasB  A)    showing  signs  of  transverse   division. 
(1,000  diam.) 

3.  Spiroohteta  of   Class   B,  one  of   them  showing  a   forked  end  suggesting 

lon^tudinai  division.      (1,000  diam.)        ■'    '•■ 

4.  Twisted  examples  of  Class  B.      (1,000  diam.) 

5.  Spiroehseta  of  Class  C,  which  approaches  Treponema  patlidam,  side  bj 

Bide  witn  SpiroohiFta  refringens.      (1,000  diam.) 

6.  Spiroehffita    of    Class    C,    undergoing    division.     Separation    incomplete. 

{1,200  diam.) 
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